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The present study investigated the in vivo and in vitro effects of salinity and 
hormones on the relative expression of Na+-K+ ATPase and AQP-1 in the urinary 
bladder of silver sea bream. In the first part of our study, fish were adapted to 
different salinities for 28 days or subjected to hypo- or hyper-osmotic shock to 
investigate the effect of external salinity on urinary bladder. Urinary bladders were 
also taken out for investigation on the effect of in vitro incubation with medium of 
different osmolarities. In the second part, fish were injected with ovine prolactin, 
recombinant bream growth hormone or Cortisol to examine the effect of exogenous 
hormones on the urinary bladder in vivo. In the third experiment, urinary bladders 
were incubated with different hormones followed by assessment of the relative 
expression of Na+-K+ ATPase and AQP-1 using semi-quantitative RT-PCR. In 
addition, Na+-K+ ATPase activities were assessed in experiments involving long term 
adaptation to different salinities. 
Na+-K+ ATPase activity in the urinary bladder was not significantly changed 
after long term adaptation to different salinities, but the expression level of Na+-K+ 
ATPase a subunit was decreased at both hyper- and hypo-osmotic conditions, 
expression level being lowest in extreme hypersaline condition (70 ppt). For Na+-K十 
ATPase p subunit, expression level was decreased during hyper-osmotic conditions. 
In contrast, AQP-1 expression in the urinary bladder was upregulated during long 
term hypersaline adaptation. Na+-K+ ATPase expression was downregulated 
following both hypo- and hyper-osmotic transfer. Furthermore, hypo-osmotic transfer 
downregulated AQP-1 expression level, but hyper-osmotic transfer upregulated the 
expression level 24 hours after transfer. However, changing the osmolality of the 
incubation medium did not alter both expression of Na+-K+ ATPase and AQP-1 in 
vitro. 
In in vivo experiments, exogenous hormone treatment did not alter mRNA 
expression level of Na+-K+ ATPase and AQP-1 in the urinary bladder. However, in 
vitro treatment of urinary bladder with 1 ng/ml prolactin stimulated mRNA 
expression of Na+-K+ ATPase a subunit to the highest level and 10 ng/ml prolactin 
increased expression level significantly. For p subunit, mRNA expression increased 
with prolactin dosage and 100 ng/ml prolactin caused a significant increment. AQP-1 
did not respond to prolactin treatment. Growth hormone could not alter both Na+-K+ 
ATPAse and AQP-1 expression level. Cortisol treatment (100 ng/ml), however, 
significantly increased mRNA expression of Na+-K+ ATPase p subunit in the urinary 
bladder. Further increasing the dosage brought expression level back to the level of 
the untreated group. Expression level of AQP-1 showed a dose dependent response, 
with mRNA expression decreasing with increments of Cortisol. These responses 
culminated in statistical significance with Cortisol doses of 100 and 1000 ng/ml. 
The present study demonstrated that urinary bladder of fish responds to changes 
in external salinity and in vitro hormone treatment. It appears that the urinary bladder 
behaves differently from other osmoregulatory organs, such as gill, kidney and 
intestine. Although Na+-K+ ATPase enzyme activity did not significantly change in 
relation to salinity, we demonstrated that Na+-K+ ATPase mRNA expression level 
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Chapter 1 
Introduction 
Teleosts conquer almost everywhere in the world. Physiological adaptations 
become an important issue for survival of teleosts. One of the major reasons for their 
success is their excellent osmoregulatory system. In hyperosmotic conditions, 
teleosts will actively drink seawater in order to reabsorb and retain more water inside 
the body and excrete as much ions to achieve a normal homeostasis (Karnaky, 1980, 
Marshall, 2002); under hypoosmotic conditions, the situation is reversed, teleosts 
will obtain ions by active uptake of ions in the gills and retain more ions inside the 
body to achieve ionic homeostasis (Greenwell et al’ 2003). 
Considerable research had been conducted on the major osmoregulatory 
organs, such as gill and kidney (Varsamos et al, 2005). Unlike the human bladder, 
teleostean urinary bladder contains both columnar cells which are 
mitochondrion-rich cells and cuboidal cells (Lahlou and Fossat, 1984). They were 
reported to be involved in osmoregulation. In freshwater, urinary bladder reabsorbs 
sodium and chloride ions with minimal amount of water being reabsorbed (Curtis 
and Wood, 1991). In seawater, although the bladder will also reabsorb sodium and 
chloride ions but it will increase permeability to water in order to enhance water 
reabsorption (Howe and Gurknecht, 1978). Although some researches on teleostean 
urinary bladders had been conducted in rainbow trout {Oncorhynchus my kiss), 
flounder {Platichthys steleatus), and sea bass {Dicentrarchus lahrax) etc. (Burgress 
et al, 2000; Nebel et al, 2005; Demarest, 1984; Demarest and Machen, 1984), 
research on urinary bladder and its enzymatic properties of Sparidae are scarce. 
> 
Sodium potassium adenosine triphosphatase (Na+-K+ ATPase) is one of the 
most important ion transporters. It is an ATP dependent protein pump located on the 
basolateral membrane of osmoregulatory cells. It primarily helps to maintain 
differential sodium and potassium levels across the membrane (Martin, 2005). Many 
researches show that Na+-K+ ATPase is one of the major osmoregulatory enzymes 
responsible for various osmoregulatory processes in teleosts. (Varsamos et al, 2005; 
Philpott, 1980) It provides the major driving force for ion movements across the 
membrane of the osmoregulatory organ. Researches on branchial Na+-K+-ATPase 
show that in higher saline water, activity of the enzyme is higher than that at low 
salinity, and lowest at the isoosmotic condition, around 12 ppt. The pattern of renal 
Na+-K+-ATPase in different salinities is similar to that of the branchial one (Deane 
and Woo, 2005b). Rapid activation of Na+-K+ ATPase has also been shown when 
transferring fish from brackish water to sea water (Mancera and McCormick, 2000; 
Tipsmark and Madsen, 2001). It clearly suggested that Na+-K+ ATPase is actively 
involved in osmoregulation and is influenced by external salinity challenge. Besides 
salinity effect, Na+-K+ ATPase was also regulated by various hormones, such as 
growth hormone, prolactin and Cortisol. Prolactin could promote ion uptake and 
inhibit ion secretion during hypo-osmotic conditions through alterations in Na+-K+ 
ATPase activity and expression level (Manzon, 2002). Other research also showed 
that intraperitoneal injection of prolactin could reduce branchial Na+-K+ ATPase 
activity (Sakamoto et al., 1997). Na+.K— ATPase activity is also affected by growth 
hormone. Previous researches suggested that growth hormone could elevate 
branchial Na+'K— ATPase activity, and translational and transcriptional expression 
levels in sea bream (Deane and Woo, 2005b). Similar reports were also shown in 
other euryhaline species, such as salmonids, tilapia and killifish (Madsen et al., 1995; 
Mancera and McCormick, 1998a, 1998b; Xu et al., 1997; Sakamoto et cd., 1997). 
Cortisol has dual functions in osmoregulation. By cooperating with other hormones, 
it could alter Na+'K— ATPase in both hypo- and hyper osmotic conditions 
(McCormick, 2001). 
Aquaporins (AQPs) are a family of transmembrane proteins with molecular size 
of about 30kDa (Lignot et al, 2002). Although some AQPs also transport small 
solutes, such as glycerol, most AQPs are mainly responsible for water transporting 
function. They play an important role in osmoregulation especially water regulation. 
Researches on AQPs show that AQPs are highly expressed in teleostean 
osmoregulatory organs, such as gill, kidney and intestines in both hyper- and 
hypo-osmotic conditions (Borgnia et al, 1999; Lignot et al 2002). A study on the 
tissue distribution of AQP-1 in European eel showed that AQP-1 was highly 
expressed in brain, eye, heart, pancreas, oesophagus, stomach and intestine (Martinez 
et al., 2005). Expression of branchial AQP-1 was elevated in fresh water condition 
(An, et al, 2008) but the expression in digestive tract and kidney is high in sea water 
condition (Giffard-Mena et al., 2008). Not limited to AQP-1, other AQPs also have 
osmoregulatory roles. In the sea bream, branchial AQP-3 protein expression level 
was elevated following adaptation to hypo- and iso-osmotic conditions, suggesting 
that AQP-3 was actively involved in low salinity adaption (Deane and Woo, 2006a). 
Considerable amount of research had been carried out on the major teleostean 
osmoregulatory organs, but only a few studies were focused on the urinary bladder in 
teleosts, as such, there is an urgent need to study the physiological role of urinary 
bladder in teleostean osmoregulation. Therefore, the goal of this research is to 
demonstrate the role of urinary bladder in osmoregulation and how it could be 
affected by salinity and hormones in vivo and in vitro. In order to achieve this goal, 
Na^-K"^ ATPase and AQP-1 in urinary bladder of silver sea bream, Sparus sarba were 
the main focuses of our project. The first part of the project assessed the effect of 
salinity on the expression of Na+-K+ ATPase and AQP-1 in the urinary bladder of 
silver sea bream in vivo and in vitro. Groups of fish were chronically exposed to a 
broad spectrum of salinities (Oppt, 6ppt, 12ppt, 33ppt, 70ppt). In this part, long term 
acclimation of fishes to extreme hyper-, iso- and hypoosmotic conditions were 
investigated. Besides chronic exposure, abrupt exposure of fishes to hyper- or 
hypoosmotic conditions was also carried out for investigating short term effect of 
salinity changes toward urinary bladder function. For in vitro study, bladders were 
incubated in medium of different osmolalities to demonstrate direct effect of 
osmolality towards urinary bladder function. 
The second part of the project investigated the effect of hormones on the 
expression of Na+-K+ ATPase and AQP-1 in urinary bladder of silver sea bream in 
vivo and in vitro. For in vivo part, fishes were injected with three hormones 
individually: growth hormone, prolactin and Cortisol on five consecutive days. For in 
vitro part, urinary bladders were incubated in medium with these three hormones 
individually. All urinary bladders were taken out at the end of each experiment, and 
mRNA expressions ofNa+-K+ ATPase and AQP-1 and enzymatic activities ofNa+-K+ 
ATPase were investigated. The restuls of these experiments will enable us to 
compare the osmoregulatory role of urinary bladder with other osmoregulatory 
organs, such as gill, kidney and intestine so as to achieve a more comprehensive 





Homeostasis pertains to animal bodies having the ability to maintain a stable 
physiological state upon environmental fluctuations. In order to achieve this state, 
many components are involved, from system level to cellular level. As far as water 
and electrolyte balance are concerned, one of the major goals of homeostasis is to 
achieve a balanced osmotic state between body fluid and cytoplasm. As we know, 
cells are bounded by cell membrane, which is a lipid bilayer, and primarily not 
permeable to ions and water (Randall et al, 2002). In order to transport ions and 
waters across the membrane to achieve a desired concentration across the membrane, 
different ion channels, pumps, and transporters are needed. Those components are 
often protein in nature, and occur in a mosaic pattern throughout the cell membrane 
(Hanahan, 1978). Thus, proteins have its specificity on transporting the ions to 
maintain the asymmetric but constant ionic concentration across the cell membrane. 
Generally, animal cells maintain a relatively high potassium level and low sodium 
level within the cytoplasm when compared with the extracellular space (Martin, 
2005). In early studies on the function of red blood cells, scientists had developed a 
system to study sodium and potassium transport of cells. And these fundamental 
studies help to further in-depth study on how the movement of ions and how the 
channel proteins work (Glynn, 1956). 
One of the important ion transporters is sodium-potassium ATPase，also known as 
Na-K pump, or Na-pump, which is an ATP dependent protein pump located on the 
cell membrane. This pump primarily helps to maintain the sodium and potassium 
level across the membrane, which actively pumps 3 sodium ions out and 2 potassium 
ions into the cells. Moreover, it can also create a major driving force to activate and 
to assist any ion channels, which passively transport other species of ions across the 
membrane, such as the sodium-potassium-chloride co-transporters, and the chloride 
channel etc. (Martin, 2005). The major role of this Na+-K+-ATPase pump is to 
convert the chemical bonding energy which comes from hydrolysis of ATP, to 
chemical potential energy, which is the ionic gradient across the membrane. Ionic 
gradient created by this pump is responsible for maintaining the membrane potential 
in cells (Martin, 2005). This potential can be coupled and provide the driving force 
for other transporters to regulate cell volume, secretory processes and even maintain 
the resting and active potential in neuron cells. By studying the energy consumption 
of the cell, nearly 20% of cellular ATP is consumed by the sodium-potassium pump 
in resting state of animals (Glynn, 1985). 
2.1.2 Structure of Na+-K+ATPase: 
As we know, Na+-K+ ATPase contains two subunits, the a and P subunit, with 
molecular weights of 112k Da and 35k Da respectively (for p" subunit, which is 
highly glycosylated), based on the amino acid composition. Based on gel 
electrophoresis, the a subunit exists as a distinct band of about lOOK Da and the P 
subunit exists as a diffuse band ranging from 45k—58k Da (Xie et ai, 1996; Gatto et 
aL, 2001). Besides these two subunits, a third subunit was identified in the renal 
tissue, y subunit, with 6.5K to 7.5 K Da molecular weight. It belongs to the FXYD 
family of regulatory peptides (Therien et al., 2001). It can influence the transport 
activities of Na+-K+ ATPase and be operated as a channel itself. 
2.1.1.2 Na+-K+ ATPase a subunit 
Na+-K+ ATPase a subunit is a highly conserved protein, some sequences of this 
protein are nearly identical among species. For example, amino acid sequence of 
Na+-K+ ATPase a subunit isolated from the duck nasal salt gland is 95.5% similar 
and 93.5% identical to the human renal a subunit (Martin, 2005). Scientists had 
studied the function of the a subunit and discovered this subunit is responsible for the 
primary role of Na+-K+ ATPase: hydrolysis of ATP and transport of ions across the 
membrane. 
The a subunit has a 10 transmembrane segment, with both terminals (N and C 
terminals) ending in the cytoplasm. There are 5 amino acids responsible for the 
phosphorylation (DKTGT). The major loop is located on regions 4 and 5 (TM4 and 
TM5), which are responsible for 42% mass of the protein. The a subunit can be 
divided into three regions: N-terminal portion of the polypeptide that forms the A 
domain; an extracellular loop which is the ouabain sensitive region, mainly TMl-2 
loop related to the ouabain sensitivity and this region is often named as "ouabain 
binding domain"; isoform specific region (ISR), there are 11 amino acid sequences in 
the major loop, that is TM4 and TM5, which differentiate into different forms to 
form the isoform of a subunit (Blanco, 2005, Martin, 2005, Pierre, et aL, 2002). 
In addition, different regions of the a subunit are responsible for the different actions 
of this enzyme. There are phosphorylation sites responsible for ATP hydrolysis to 
gain energy from the ATP in TM4-TM5 region, also known as P domain. The region 
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that is located near the membrane surface is the "stalked region", which is composed 
of a transmembrane a helix (TM2-TM5), and is less hydrophobic than the 
transmembrane region and contains more charged amino acids. It serves to extend 
the cytoplasmic region farther away from the membrane and go inside the cell. 
(Martin, 2005). Na+-K+ ATPase has three binding sites for cations which act to 
transport three sodium ions in return for two potassium ions. The binding sites are 
located at the TM5-TM6 region, an unfolded region of TM4 which resides between 
TM4 and TM6 and a region near TM9 (Ogawa and Toyoshima, 2002). Among the 
extracellular loop, TM7-TM8 is the large loop. It is not as ouabain-sensitive as 
TM1-TM2, but it is responsible for the a and p subunit interaction, and a (SYGQ) 
amino acid sequence of this region makes it important for the interaction (Colonna et 
al, 1997). 
2.1.1.3 Na^-K^ ATPase p subunit 
P subunit is a single transmembrane helix. It is mainly composed of an extracellular 
component which is exposed to the extracellular surface. The extracellular 
component occupies nearly 80% of total mass and ends with its C terminal. Thus, the 
N-terminal ends in the cytoplasm, with 11% of the mass being situated inside the 
cytoplasm. In gel electrophoresis analysis, the p subunit exists as a diffuse band 
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which might consist of high glycosylation areas of different carbohydrates. The p 
subunit interacts with the a subunit TM7-TM8 loop with a S-S bridge that is located 
in the extracellular part. Thus, there are some indications that the (3 subunit also 
interacts with the a subunit with its tramsmembrane part and the cytoplasm region 
(Colonna et al.’ 1997, Geering, 2001). The p subunit assembles with the newly 
synthesized a subunit and induces conformational change in the TM7/M8 
extracytoplamic loop (B'eguin et al., 1998). This process permits the a subunit to 
integrate with the membrane and stabilization of a subunit will be increased. The (3 
subunit also corrects the misfolding of unassembled a subunit by acting from the 
endoplasmic reticulum lumen (B'eguin et al., 2000). It facilitates the maturation of 
the a subunit. 
2.1.1.4 Composition of the a subunit and p subunit 
As discussed before, one (3 subunit is used to stabilize one a subunit, the fundamental 
ratio of a : p is 1:1. However, there are several possible ratios: ap, (ap)2, (aP)n. 
Several researches which focus on cross-linking suggested that highly aggregate a 
subunits are close enough to form an a-a crosslink, especially those subunits in the 
kidney cell (Periyasamy et al, 1983). However, some other data on the researches of 
red blood cell do not support the existence of an a-a crosslink (Martin and Sachs, 
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1992). This subject is still a controversial topic in the study of Na+-K+ ATPase. As a 
monomeric form, the enzyme works properly with unchanged activities with the 
oligomer form. The enzyme can be isolated by using detergent without any loss of its 
ATPase activities. Thus, in some systems, high density or overexpression of the 
enzyme creates aggregation though specific interaction between ATPase, and in low 
density of the enzyme, they will remain separate and do not form cross links. This 
oligomeric property will be a topic for further investigations (Costa et al, 2004, 
Koster et aL, 1995). 
2.1.1.5 Isomers ofNa^-K^ ATPase 
Na+-K+ ATPase has two subunits, and the subunits exist as different isoforms. For a 
subunit, there are four different types of isomer (al , a2, a3, a4) and there are three 
types of isomer for the p subunit (pi, p2, P3). Isoforms are enzymes that exhibit the 
fundamental function and structure, however, due to some structural modifications, 
there are slight differences in performing their function. For a subunit, the highly 
differentiated sites are at the N-terminal, the extracellular ouabain sensitive region is 
located at the TM1-TM2, the large domain of TM4-5, is situated in the cytoplasmic 
region between amino acid 403-503. For these regions, differentiations mostly occur 
in the ATP binding region and the phosphorylation site, and in the middle of the 
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cytoplasmic region (Levenson, 1994; Lusenko and Kaplan, 1995; Mercer, 1993). 
For the enzymatic characteristic, different isozymes have slightly different properties. 
Na+-K+ ATPase occurs in most tissues of the body. However, different tissues require 
different ionic concentrations and have different strategies for regulating ion 
transport. No single type of Na+-K+ ATPase can satisfy the various functions of ionic 
regulation. Na+-K+ ATPase differentiates into different forms to suit different specific 
function. The differences in structure may lead to enzymatic differences, mainly in 
the affinities of sodium ion, potassium ion and ATP, as well as, ouabain. For example, 
a l p l isozyme, which occurs in renal tissue, have low affinities of ATP and potassium 
ion, but higher affinities of sodium ion than the neuron type, a2 and a3 subunit 
(Cortas et al., 1989, Cortas and Edelamn, 1988). In addition, a l p l shows its function 
in almost all tissues in tissue distribution analysis, it functions as housekeeping 
Na+-K+ ATPase, and the other isozymes are showing the tissue specific distribution. 
Normally, the a l and a2 work together to maintain a balanced ionic gradient for 
homeostasis, and a3 works as a backup or follow up when a l and a2 are saturated 
with its function. For example in the neuron cell, the a l and a2 subunits maintain the 
basal ionic gradients. But the a3 has low affinity to the ion, so it operates slowly and 
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serves as a spare pump and works after the depolarization and repeat firing of action 
potentials (Blanco and Mercer, 1998). 
2.1.1.6. Mechanism of ion exchange 
The fundamental function of Na+-K+ ATPase is to pump 3 sodium ions out from the 
cell and gain two potassium ions inside the cell to achieve the inside high potassium 
ion and outside low sodium ion situation. This situation is also a fundamental driving 
force for other ionic pumps or protein channels. Na+-K+ ATPase converts the 
chemical bonding energy to the electrical potential energy through a cycle with the 
following key features: (1)3 sodium/2 potassium ion exchange, (2) Na+-K+ ATPase 
works in a cyclic way, affecting the phosphorylation and de-phosphorylation of the 
enzyme. 
The reaction cycle contains phosphorylation by ATP, together with taking 3 sodium 
ions from cytoplasm, and then Na+-K+ ATPase releases its sodium ion to extracellular 
fluid across the membrane. Afterwards, Na+-K+ ATPase releases the phosphate group 
by taking 2 potassium ions from extracellular fluid. Then the pump returns to the 
steady state and is ready for another ATP binding, together with releasing the 
potassium ions into the cytoplasm (Martin, 2005). 
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The cycle involves conformation change of the enzyme in order to bring the ion 
across the membrane, Ei and E2. In Ei conformation situation, the ion binding site is 
facing the cytoplasm, which has higher affinity for sodium ion and lower affinity for 
potassium ion. However, E2 conformation situation, the ion binding site is facing the 
extracellular fluid, which has lower affinity for sodium ion and higher affinity for 
potassium ion. By switching between these two conformations, Na+-K+ ATPase is 
able to bring the specific ion across the membrane. In addition, three sodium ions 
have different binding ability toward the ion binding site. One of them has lower 
affinity, so it will come off easily, and then followed by the other two sodium ion into 
the extracellular side. This cycle can operate as fast as 10, 000 cycles/ min (Martin, 




Water is essential to life. Normally cells contain 60-95% water, mammalian cells in 
culture contain nearly 90% of water by weight. The content of water in organisms is 
related to their age and metabolic rate (De Robertis and De Robertis, 1980). Water is 
a medium for many metabolic activities and it is a solvent for many ions and 
molecules of the cells. Cells are bathed in such medium, water and the ion 
concentrations are important for their normal activities (Lehninger et aL, 1993). As 
mentioned before, cells are bounded by a lipid bilayered membrane. In order to have 
an efficient transport of material across the membrane, protein pumps and channels 
are needed (Randall et aL, 2002). Transportation of water through the cell membrane 
was previously known to take place via simple diffusion. However, many researches 
demonstrated water transport through simple diffusion occurred only at a limited rate. 
The rate of water transport is much higher than that which would occur via diffusion 
alone. Protein channels or aquaporins exist to facilitate the water transport across the 
cell membrane (Sidel and Solomon, 1957). Researches on red blood cells 
demonstrated the presence of channels with high water permeability in the 
membranes (Preston et aL, 1992). The first aquaporin was identified by scientists in a 
research on red blood cell. Scientists intended to study the RH blood group antigens 
17 
protein was highly abundant and existed as an oligomer, which was thought to 
function as a water channel. Scientists termed it as Channel-forming Integral Protein 
of 28 kDa (CHIP28) (Agre et al,, 1987). Later on, the protein was investigated in a 
Xenopus laevis oocyte system. CHIP 28 was expressed in the oocyte and placed in a 
hypotonic buffer. The oocyte that had expressed CHIP28 swelled and exhibited high 
water permeability. This experiment demonstrated that CHIP28 was a channel for 
transporting water (Preston et al., 1992). The protein then was renamed as 
aquaporin-1 (Agre et al, 1993). 
2.2.2 Structure ofAQP-1 
As described previously, AQP-1 is a transmembrane protein with size 28 kDa. It 
contains six transmembrane domains and the first three domains are homologous to 
the other three. They are opposite 180® to each other. Available evidence suggested 
that there is evolutionary internal duplication (Cheng et al., 1997, Waltz et al.’ 1997). 
The domains are connected with 5 connecting loops (A-E), which is composed of 
two intramembrane loops (B and E) and three extramembrane loops (A, C, D) (Smith 
and Agre, 1991). At site Asn42 on loop A, it is highly glycosylated, making the C-
and N- terminal to localize within cytoplasm (Preston et al., 1994a, 1994b). There is 
a highly conserved asparagine-proline-alanine (NPA) motif at the B and E loops. 
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These two loops are hydrophobic in nature and fold into the lipid bilayer in an 
"hourglass fashion" and they are physically associated to each other to form an 
aqueous pathway (Preston et al.’ 1993, Preston et al.，1994a, 1994b, Jung et al., 
1994). By electron crystallography, AQP-1 contain a 3 A diameter pore (Murata et 
al., 2000). The small size of the pore can allow water to pass through but is selective 
against the larger molecules. Moreover, the terminal portions of the pore in B and E 
loops contain a helices that create positive charge inside the pore. Small charged 
molecules, such as protons, are repelled from the pore (Pomes and Roux, 1996). 
Apart from being a monomeric channel protein, AQP-1 exists as a tetramer, and this 
structure could allow AQP-1 not only transporting water by itself, but also assist the 
transportation of other solutes, such as potassium, between the 4 monomeric 
channels (Yool and Weinstein, 2002). 
2.2.3 Distribution and function of AQP-1 
Generally, AQP-1 was expressed in eye, respiratory tract, kidney, brain, 
gastrointestinal tract and liver (Borgnia et al., 1999, Ma and Verkman, 1999). 
Researches showed that AQP-1 is highly expressed in organs that have high demands 
for fluid regulation. Such organs are those that demonstrate important secretory roles 
in body, such as choroid plexus for regulation of cerebrospinal fluid, non-pigment 
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in body, such as choroid plexus for regulation of cerebrospinal fluid, non-pigment 
epithelium in anterior compartment of eye for regulation of aqueous humour, 
cholangiocytes for bile and capillary endothelium of some organs (Nielsen et al, 
1993). However, the most extensive researches on AQP-1 distribution and function 
were mainly focused on the kidney. AQP-1 was located on the both apical and 
basolateral membranes of proximal tubules and descending limbs of Henle in the 
kidney of rat and human (Nielsen et al., 1993，Murata et al., 2000). In the study of 
descending vasa recta, scientists found out a large amount of water was transferred to 
the interstitum from tubular lumen. Water then went into the vascular space through 
this protein and the protein was located in the plasma membrane (Pallone et al., 
1997). The driving force of this transportation was provided by small standing 
osmotic gradients which had been built up by vectorial movement of solutes across 
the membrane (Nielsen and Agre, 1995). By studying the AQP-1 knockout mice, 
scientists found the physiological significance of AQP-1 in kidney was concentrating 
urine (Ma et al,, 1998). The lacking of AQP-1 may lead to the defect in 
countercurrent concentrating mechanism through water absorption and sodium 
cannot be transported across the descending limb (Nielsen and Agre, 1995). 
Moreover, without AQP-1 in the medullary vasa rectae, there was also an 
impairment of the countercurrent exchange mechanism which led to a decrease in the 
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osmotic force for urine concentration (Pallone et aL, 1997). In fish, tissue 
distribution of AQP-1 in Japanese and European eel was studied. In European eel, 
AQP-1 was highly expressed in the brain, eye, heart, pancreas, oesophagus, stomach 
and intestine, and the expression was lower in skeletal muscle, gill and kidney 
(Martinez et al., 2005). Similar distribution of AQP-1 was found in Japanese eel, but 
there are no detection of AQP-1 expression in stomach and kidney (Aoki et al, 
2003). The tissue distribution of AQP-1 is similar to that of mammals, however, 
there are some exceptions. The AQP-1 in fish was at low level and expressed in an 
inconsistent fashion in kidney. But AQP-1 in kidney was highly expressed and 
kidney was one of the major expression sites in mammals (Martinez et al., 2005, 
Borgnia et al. 1999). In the gastrointestinal tract of fish, i.e. oesophagus, stomach and 
intestine, AQP-1 expression was highly expressed. However, only little AQP-1 was 
expressed in capillary and lymphatic endothelia of gastrointestinal tract in mammal 
(Koyama et aL, 1999, Verkman, 1999). 
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2.3 Hormone 
The endocrine system plays an important role in water and electrolyte homeostasis. It 
is a system of different glands that secrete extracellular signaling molecules which 
are hormones. The system is composed of several ductless glands. Hormones are 
secreted directly to the blood and transferred through blood circulating system. 
Endocrine system and hormones regulate many body activities including metabolism, 
growth, development, tissue function, puberty and osmoregulation (Collier et ai, 
2006). In this part, we review these three hormones that are responsible for 
osmoregulation in fish. 
2.3.1 Prolactin 
2.3.1.1 Structure of prolactin 
Prolactin belongs to a protein hormone family which includes growth hormone, 
mammalian placental lactogen and teleostean somatolactin (Wallis, 1984, Nicoll et 
al, 1986，Wallis, 1992, Rand-Weaver et al, 1993). In this protein family, 
mammalian prolactin and growth hormone are single polypeptide chains with 
190-200 amino acids. But their tertiary structures are different (Norris, 1997). For 
mammalian prolactin, three disulfide bonds are located at N-terminal, C-terminal and 
the middle of the protein. And mammalian growth hormones do not have the 
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N-terminal disulfide bond (Norris, 1997). Both mammalian and fish prolactin are 
synthesized as a prohormone which contains a signal peptide. The peptide of 
mammalian prolactin is about 28 amino acids (Bole-Feysot et al, 1998). For fish 
prolactin, it is about 23-24 amino acids. The full length of prolactin of fish usually 
ranges from 177-204 amino acids (Manzon, 2002). Studies on sturgeon and lungfish 
showed that non-teleost fishes had prolactins that are similar in length to mammalian 
prolactins and contain three disulfide bonds (Noso et al, 1993). For the teleost, 
prolactin is 12-14 amino acids shorter than the non-teleost one, and lacks a 
N-terminal disulfide bond (Rand-Weaver et al, 1993). These structural differences 
are related to the differences in major function of prolactin within these two groups 
of fishes. Studies involving elimination of the ovine prolactin N-terminal disulfide 
bond showed that without the bond, prolactin could enhance the osmoregulatory 
capability of teleosts (Doneen et al, 1979). There are four conserved domains 
between non-teleost and teleost prolactins (Chen et al, 1994). Two of the conserved 
domains are highly conserved. They are responsible for similar function throughout 
all vertebrates (Rand-Weaver et al, 1993). There are two prolactin forms found in 
some teleosts, such as, chum salmon (Yasuda et al, 1986), carp (Chang et al, 1992), 
Japanese eel (Suzuki et al, 1991), Mozambique tilapia (Specker et al, 1985), and 
Nile tilapia (Rentier-Delrue et al, 1989). In salmon, carp and eel, two prolactins are 
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homologous to each another. However, tilapia prolactins show only 69% identity 
(Yamaguchi et al, 1988). This two forms of prolactin are 188 and 177 amino acid, 
and termed as long (PRLigg) and short (PRL177) forms. PRL177 does not have two 
small stretches of amino acid that are present in PRLiss- The regions are located at 5 
amino acids from N-terminal to C46 and 6 amino acids from N-terminal to CI61. 
PRL188 is similar to the prolactin of other fish (Yamaguchi et al, 1988). The primary 
functions of these two prolactins are slightly different. PRLigg is involved in 
regulation of plasma sodium and chloride ions and PRL177 is associated with 
decreasing water permeability when fish is adapted to hyper-osmotic environments 
(Auperin et al, 1994). 
2.3.1.2. Functions of prolactin 
Prolactin has many biological functions and takes part in many physiological actions. 
In general, prolactin acts antagonistically to growth hormone. Nicoll and Bern (1972) 
summarized the actions of prolactin into five categories, which are osmoregulation, 
growth, reproduction, integument modification and synergism with steroid. The more 
detailed summary done by Bole-Feysot et al. in 1998 suggested that prolactin is 
involved in six major biological activities. For water and electrolyte balance, it can 
reduce the sodium ion loss from fish gill, increase the secretion of avian nasal salt 
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gland and reduce the volume of amnion in mammal. For growth and development, it 
can increase the growth of larval tissues, prevent tail resorption of amphibians and 
increase the hair growth of hair follicles in mammals. It can regulate the metabolism 
and endocrine system of mammals by increasing insulin secretion in pancreas and 
steroidogenesis in adrenal area. In reproductive aspect, prolactin can increase the 
growth, regulate the receptor and increase the function of both male and female 
primary and secondary reproductive organ in birds and mammals. Prolactin can also 
regulate the immune response by regulating the proliferation and activation of the 
lymphocytes and NK cells of mammals. Not limited to affecting physiological 
functions, prolactin can also change the behaviors of fish, amphibians, birds and 
mammals. It can induce reproductive and parental behavior. In fish, prolactin is fresh 
water-adapting hormone (Utida et al., 1972). It can promote sodium ion uptake and 
reduce water and ion permeability of osmoregulatory epithelia, such as gill, skin 
(McCormick, 1995, Manzon, 2002). By studying the endogenous hormone, prolactin 
level will increase during freshwater adaptation and decrease during seawater 
adaptation. It suggested that prolactin takes part actively in hypo-osmotic adaptation 
of fish (McCormick, 1995). Research on the effect of prolactin to gill showed that 
prolactin could either increase (Leena and Oommen, 2000), decrease (Madsen et al, 
1997, Kelly et al, 1999) or no effect (Seidelin and Madsen, 1997, Seidelin and 
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Madsen, 1999, Eckert et al, 2001) on the Na+-K+ ATPase activities. It may be related 
to the use of heterologous hormones in the researches, species variability or 
developmental differences of the fishes (McCormick, 1995). Study of silver sea 
bream branchial Na+-K+ ATPase suggested that prolactin could significantly reduce 
the Na+-K+ ATPase a subunit mRNA levels but not affecting the p subunit mRNA 
expression level (Deane et al, 1999). Prolactin can also reduce the number and size 
of chloride cells in gill (Herndon et al, 1991, Madsen et al, 1997), especially in the 
hypo-osmotic condition (Kelly et al., 1999). Beside the size and number, 
modification of chloride cell occurs after prolactin administration. An increase in the 
freshwater adapt p type and decrease in the sea water adapt a type chloride cell was 
shown after injecting prolactin to sea water adapted tilapia (Pisam et al, 1993). In 
kidney, prolactin increases the glomerulus size and filtration rate, together with 
decreasing permeability of kidney tubules to produce copious amounts of dilute urine 
(Braun and Dantzler, 1987，Clarke and Bern, 1980). By injecting the prolactin to 
hypohysectomized killifish，Na+-K+ ATPase activity was increased to facilitate 
sodium ions retain (Pickford et al, 1970). In intestine, prolactin decreases absorption 
of sodium, chloride ions and water absorption ability by decreasing the permeability 
of intestine though mucous secretion and lowering Na+-K+ ATPase activity( Collie 
and Hirano, 1987). However, some species, such as silver sea bream, Na+-K+ ATPase 
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activity increases to facilitate ion uptake from food (Kelly et al, 1999). Prolactin 
increased the Na+-K+ ATPase level in urinary bladder and it elicits expansion of 
epithelial intercellular spaces (Clarke and Bern, 1980, Bentley, 1987). Number of 
mucous cells in skin was increased after injecting prolactin and the mucus secretion 
was also increased to prevent ion loss and water absorption (Clarke and Bern, 1980). 
A more recent in vitro research on silver sea bream pituitary showed that prolactin 
release from pituitary was upregulated by reduction in medium osmolality. In vivo 
study of abrupt transfer of silver sea bream to hypo-osmotic condition showed a 
strong correlation between serum ionic concentration and prolactin secretion, further 
emphasizing that prolactin plays an important role in hyperosmoregulation in teleosts 
(Kwong et al., 2008). 
2.3.2 Growth hormone 
2.3.2.1 Structure 
Growth hormones are single polypeptide which contain about 190-200 amino acids 
(Norris, 1997). The peptide is about 20-22 kDa. It is produced by the somatotrophic 
cells of the anterior pituitary. It belongs to family of pituitary hormones including 
prolactin, placental lactogen and somatolactin that evolved from common ancestral 
gene by duplication and subsequent divergence (Nicoll et al., 1986). Growth 
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hormone and prolactin share similar structural similarity (Wallis, 1984), but they are 
different in their tertiary structures (Norris, 1997). Growth hormone contains two 
disulphide bonds. One of the bonds forms a loop close to C terminus and the other 
link distant parts of the polypeptide chain (Nicoll et al., 1986). When comparing 
growth hormone and prolactin, 25% identity was shown which including two 
disulphide bonds and similarity spread fairly evenly across the hormones. The 
identity reflected the evolutionary homology of these two hormones (Nicoll et al., 
1986，Lewis et al., 1985). By studying the tertiary structure of growth hormone, the 
hormone was shown to contain a high proportion of a helix. It has four a helix 
bundles folded with unusual (up-up-down-down) topology that is typical to all 
members of the cytokine super family (Abdel-Meguid et al, 1987, de Vos et al,, 
1992). Growth hormone of lower vertebrates shows species specificity, such as 
teleost growth hormone is considerably different from other non-teleost fish (Wallis, 
1996). 
2.3.2.2 Function of growth hormone 
The primary function of growth hormone is stimulation of postnatal growth. It can 
induce positive nitrogen balance and stimulates protein synthesis in muscle and 
longitudinal bone growth (Forsyth and Wallis, 2002). In addition to growth, growth 
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hormone is related to smoltification, osmoregulation and antifreeze protein synthesis 
in fish (Idler et al., 1989). Some of the actions of growth hormone act through 
insulin-like growth factor as the GH/IGF-1 axis (Sakamoto and McCormick, 2006). 
Growth hormone can stimulate the synthesis and secretion of insulin-like growth 
factor and the insulin-like growth factor can act as negative feedback system to 
regulate growth hormone secretion in pituitary (McCormick, 2001). Growth hormone 
is a seawater adapting hormone and plays important role in osmoregulation of fish 
(Varsamos et al., 2005). Together with Cortisol, it can enhance salinity tolerance 
(Madsen, 1990b) and increase the drinking rate of fish (Fuentes and Eddy, 1997). 
Both growth hormone and Cortisol have capacity to affect chloride cells and ion 
transporters. Interaction of growth hormone and Cortisol has additive or synergistic 
effect on these osmoregulatory targets (Madsen, 1990a). Growth hormone can 
upregulate the number of gill Cortisol receptors (Shrimpton and McCormick, 1999). 
In gill, growth hormone can increase the number of a type chloride cells and 
accessory cells, which are responsible for the salt secretion and decrease the (3 type 
chloride cells (Prunet et al, 1994). It can also increase the branchial Na+-K+ ATPase 
activities and the mRNA expression level in several species, such as salmonids, 
tilapia and mummichog (Madsen et al.’ 1995, Mancera and McCormick, 1998a, 
1998b, Xu et al., 1997，Sakamoto et al., 1997). Not limited to Na+-K+ ATPase, 
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growth hormone can increase the Na+/K+/2Cl2 (NKCC) co-transporter in gill chloride 
cell (Pelis and McCormick, 2001). Some in vitro studies suggested that growth 
hormone might act indirectly on the osmoregulatory organ and IGF-1 acted directly 
on the target tissue (Madsen and Bern, 1993). However, other researches showed that 
both growth hormone and IGF-1 could directly and independently stimulate the 
expression of ion transporter in osmoregulatory organ (Deane and Woo, 2005b). In 
vivo study showed that after administering growth hormone into fish, mRNA 
expression of IGF-1 in gill and kidney increased. It indicated the control of IGF-1 by 
growth hormone and its effect on transport in gill and kidney (Sakamoto and Hirano, 
1993). However, IGF-1 does not carry out all the osmoregulatory functions of 
growth hormone, other endocrine factors and proteins may also be involved 
(McCormick, 1996). Endogenous growth hormone level also increases after sea 
water adaptation of euryhaline fish, suggesting that growth hormone is strongly 
related to sea water adaptation of fish (Sakamoto et al., 1997). 
2.3.3 Cortisol 
2.3.3.1 Structure 
Unlike prolactin and growth hormone, Cortisol is a steroid hormone synthesized at 
the adrenal gland in mammal. It is a 21 carbon steroid derived from cholesterol 
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(Randall et aL, 1978). In fish, Cortisol is synthesized in the interrenal gland. The cells 
in the interrenal gland do not form a compact gland that is comparable to the adrenal 
cortex in mammal, but they are located around the walls of the posterior cardinal 
veins and its branches at head kidneys (Chester Jones et al., 1980) and it is 
homologous to the adrenal cortex of the mammal (Wendelaar Bonga, 1997). 
2.3.3.2 Functions of Cortisol 
Cortisol has wide physiological effect in fish. Two major functions of Cortisol in fish 
were osmoregulation and the energy metabolism. Cortisol in fish exhibits the 
mineralocorticoid (aldosterone) and glucocorticoid functions as in terrestrial 
vertebrates. Cortisol can reduce growth rate and suppress the reproductive and 
immune function with response to stress (Wendelaar Bonga, 1997). Cortisol is 
always described as a seawater adapting hormone (Utida et al, 1972). It can induce 
the physiological change for sea water adaptation, such as inducing the branchial and 
intestine Na+-K+ ATPase activity and expression (McCormick, 1995), and alter the 
density and size of ionocytes (Sakamoto et al., 2001) and increase the drinking rate 
(Fuentes and Eddy, 1997). When transferring the salmonids and eels to seawater, 
interrenal cells proliferate and Cortisol secretion and clearance are induced (Chester 
Jones et al., 1980). Not limited to sea water adaptation, many researches showed that 
31 
Cortisol also involved in the freshwater adaptation. In freshwater condition, Cortisol 
induces the uptake of ions rather than exclusive action of the extrusion ions that 
occurs in sea water condition (Laurent and Perry, 1989). Cortisol serves as a dual 
hormone in both seawater and freshwater adaptation. By removal of interrenal glands, 
osmoregulation was disturbed in both freshwater and seawater eels. Cortisol also 
induces the differentiation of chloride cells and increases the Na+-K+ ATPase in gills, 
intestine and kidney (Chester Jones et al, 1980). Cortisol can restore the plasma 
osmolality of the hypophysectomized freshwater adapted eels and goldfish (Chan et 
al.’ 1969, Lahlou and Giordan, 1970). It maintains the water movement across the 
gut of freshwater eels (Gaitskell and Chester Jones, 1970). By injecting Cortisol, 
surface area of gill chloride cells was increased and influx of sodium and chloride 
ion was increased in rainbow trout, European eel, tilapia and catfish (Perry et al., 
1992). Endogenous circulating Cortisol level was raised after transfer the European 
eel, tilapia and mummichug from seawater to freshwater. For the marine species, 
such as mullet, starry flounder, sea bass and gilthead sea bream, by transfer them 
from high to low salinity, circulating Cortisol level also increased and the level 
remain elevated for days to weeks (Mancera et al, 1998b). Cortisol also has synergic 
effect with prolactin and growth hormone. In hypophysectomized catfish, both 
prolactin and Cortisol are necessary to restore the plasma sodium and osmolality to 
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similar levels that in intact fish (Parwez and Goswami, 1985). And prolactin and 
Cortisol interact together to restore ion balance in freshwater and iso-osmotic salinity 
(Eckert et al., 2001). In some species, such as eels, increase in Cortisol levels 
promotes seawater adapting mechanism. However, in other species, such as 
salmonids, Cortisol can simultaneously increase both ion uptake and secretion by 
increasing the number of chloride cells (Mancera et ai, 1994). Cortisol effect on fish 
is bi-direction. The relative activity of growth hormone and prolactin could control 
the direction of Cortisol's effect in fish. Importance of Cortisol in controlling ion 
uptake and secretion is different in different species and effector organs (McCormick, 
2001). 
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2.4 Spams sarba 
Silver sea bream is regarded as a "true marine" species. They inhabit the marine 
environment in most of their life and they do not require a freshwater environment 
for their life (Woo and Wu, 1982, Deane et al, 2000). They can be found in the 
estuarine environment, which salinity is change from time to time. When exposed to 
a frequent change in salinity, their bodies develop several mechanisms to adapt to 
different salinity (Kelly et al, 1999). As a euryhaline fish, silver sea bream could 
tolerate a broad spectrum of salinity ranging from 0 ppt -70 ppt (Wong et al, 2006). 
They are good model for osmoregulation research in fish. Na+-K+ ATPase a and p 
subunit gene of silver sea bream had been cloned and characterized (Deane and Woo, 
2005b). The open reading frame for a subunit was 3072 bp coding for 1023 amino 
acids. For p subunit, open reading frame was 906 bp coding for 301 amino acids. In 
vitro study showed that Na+-K+ ATPase expression increased with growth hormone, 
IGF-1, and Cortisol but was not altered by ovine prolactin (Deane and Woo, 2005a). 
By injecting exogenous hormones to silver sea bream, branchial Na+-K+ ATPase 
mRNA expression level altered. Cortisol increased a subunit expression in both 
seawater and hypo-osmotic condition. Growth hormone did not alter the mRNA 
expression. And ovine prolactin decreased the expression level in both salinities. For 
P subunit, Cortisol increases the expression level in hypo-osmotic condition (Deane et 
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ah, 1999). Chronic exposure of silver sea bream to different salinities, branchial 
Na+-K+ ATPase activities was changed. Na+-K+ ATPase activities exhibited a typical 
"U" shape behavior with the highest at 70 ppt and lowest at 12 ppt (Wong et al., 
2006). When abruptly transfer the fish from seawater to hypo-osmotic condition (6 
ppt), Na+-K+ ATPase Na+-K+ ATPase activities elevated significantly within 30 
minutes. Plasma Cortisol level also elevated and gradually decline back to normal 
level at 24 hours. Chloride cells exhibited an increase in apical surface area (Kelly 
and Woo, 1999, Wong et al.’ 2006). 
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2.5 Urinary bladder of fish 
Unlike mammal urinary bladder which is a muscular sac for urine storage, urinary 
bladders in fish have an osmoregulatory role. Urinary bladder selectively reabsorbs 
ions and water (Nishimura and Imai, 1982; Greenwell et al, 2003). By introducing 
inulin and bicarbonate ions into urinary bladder, those ions could be transported 
across the wall of bladder, suggesting that the urinary bladder could modify urine 
before excretion (Murdaugh et al., 1963). There is a large variation in reabsorption 
ability of urinary bladder among different species of fish, reflecting the different 
strategies in osmoregulation adopted by different fish species (Marshall, 1995). In 
freshwater condition, urinary bladder actively reabsorbs sodium and chloride ion 
with minimum water reabsorption. It can reduce the excretory ion losses (Curtis and 
Wood, 1991). In sea water condition, permeability of urinary bladder epithelium to 
water increases to facilitate water conservation and the concentration of divalent ions 
in urine increases in the urinary bladder by passive reabsorption of water (Howe and 
Gutknecht, 1978). In studies on the European flounder, researchers showed that urine 
flowing from ureters was kept in the urinary bladder for several hours and 
subsequently the ion content decreased. Urinary bladder was an additional device of 
the fish osmoregulatory system and it completed osmotic work of nephron distally in 
both freshwater and seawater condition (Lahlou et al., 1969). There are two epithelial 
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cell types in the urinary bladder, namely cuboidal and columnar cells. 
Immunostaining of Na+-K+ ATPase showed that Na+-K+ ATPase is localized on the 
basolateral side of both cell types, and the cuboidal cells had more intense 
localization. Beside Na+-IC+ ATPase, Na+/K+/2Cr (NKCC) cotransporter was found 
in both cell types (Masini et al., 2001, Loretz and Bern, 1980). By using radiotracer 
in urinary bladder of goby, both cell types were shown to be involved in ion transport 
and they might have different involvement in ion exchange (Loretz and Bern, 1980) 
and the whole bladder was involved in ion transport (Masini et al, 2001). However, 
immunolozalization of Na+-K+ ATPase in urinary bladder of sea bass suggested that 
the dorsal part of urinary bladder was lined by 7.5|im high cells and were strongly 
immunostained. This finding suggested that Na+-K+ ATPase was highly expressed in 
this area. The flat cells which are 2.5 |im high and located at the ventral surface of 
the bladder were not immunostained (Nebel et al., 2005). In trout, Na+-K+ ATPase 
and sodium net flux decline when fish were transferred from freshwater to 
iso-osmotic condition and sea water (Fossat and Lahlou, 1974). Reverse transfer of 
flounder from sea water to fresh water led to elevations in Na+-K+ ATPase activities 
by 3 fold (Utida et al., 1974). However, the function of urinary bladder in the 
osmoregulatory mechanism of Sparidae is virtually unknown. 
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Chapter 3 
Effect of salinity on the expression of Na+-K+ ATPase and aquaporin-1 in the 
urinary bladder of silver sea bream Spams sarba 
3.1. Introduction 
Many studies have shown that Na+-K+ ATPase and aquaporin-1 (AQPl) expression 
and activities in fish were altered upon adaptation to different salinities. Na+-K+ 
ATPase expression in gill and kidney were upregulated during extreme salinities and 
remained the lowest at the iso-osmotic point (Gonzalez et al, 2005, Deane and Woo, 
2004). Ample evidence points to Na+-K+ ATPase is the major driving force of ion 
exchange system at the chloride cell in fish gills (Marshall, 2002). Na+-K+ ATPase 
also takes part actively in other osmoregulatory organs (Varsamos, et al, 2005). AQP 
is a channel protein that allows water to pass through. This action is driven by the 
water potential and the ionic balance between membranes (Verkman and Mitra, 
2000). Some researches showed that AQPl expression in gill is high in fresh water 
condition (An et al, 2008) and the expression in digestive tract and kidney is high in 
sea water condition (Giffard-Mena et al.’ 2008). Not only AQP-1, researches on 
other AQPs, such as AQP-3, also showed a salinity dependent response. AQP-3 was 
upregulated during hypo- and iso-osmotic conditions, suggesting that AQP-3 had a 
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protective role against osmotic swelling (Deane and Woo, 2006a). All these studies 
suggested that aquaporin proteins in osmoregulatory organs respond to changes in 
the salinity of the external environment and regulate the fluid that pass through them. 
We are interested to know if Na+-K+ ATPase and AQPl exhibit similar responses to 
salinity fluctuations in the urinary bladder of the silver sea bream. The urinary 
bladder is another osmoregulatory organ of euryhaline fishes, but these aspects of 
osmoregulatory physiology have seldom been studied previously. 
In order to confirm the ion regulatory ability of the urinary bladder, expressions of 
Na+-K+ ATPase and aquaporin-1 in the urinary bladder of sea bream following 
chronic and abrupt adaptation to different salinities were studied. For the first part of 
the experiments, fishes were acclimated to different salinities for 28 days in order to 
investigate the long term effect of salinity on the urinary bladder. After salinity 
acclimation, fish were sacrificed and urinary bladders were taken out to study the 
changes in mRNA expression of Na+-K+ATPase and AQPl and enzyme activities of 
Na+-K+ATPase. 
In the second part of the experiment, the effect of sudden changes of salinities on 
urinary bladder function was investigated. Fishes were abruptly transferred from sea 
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water (33 ppt) to brackish water (6 ppt), and vice versa. We sacrificed the fishes from 
different time points (T = 0，1，3, 6, 12, 24, 120 hours) and urinary bladders were 
taken out for mRNA expression studies. 
In addition to in vivo studies, the effects of exposing urinary bladder to different 
osmotic concentrations in vitro were also studied. Fish urinary bladders were taken 
out and exposed to culture medium with different osmolalities, followed by assays of 
Na+-K+ATPase and AQP-1 mRNA expression levels. 
3.2. Chronic effect of salinity on the expression of Na+-K+ ATPase and 
aquaporin-l in the urinary bladder 
3.2.1. Materials and Methods 
3.2.1.1 Fish 
Silver sea bream, weighing 100-200g, were purchased from local fish farm. They 
were maintained in a recirculating sea water system in Simon F.S. Li Marine Science 
Laboratory, The Chinese University of Hong Kong for at least three weeks to allow 
stabilizing conditions. Fish were fed ad libitum daily with a formulated diet 
according to Woo and Kelly (1995). Feeding was terminated 24 hours before fish 
were sacrificed. After stabilization, fish were divided into six groups randomly and 
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put into six separate 1OOOL sea water tanks with individual filtration system. Water 
was adjusted to different salinities (0, 6, 12, 33, 50, 70 ppt) gradually by flushing tap 
water or hypersaline water daily. This process was completed within seven days and 
the fish were acclimated for further 28 days in their respective final salinities. 
3.2.1.2 Tissue sampling 
Fish were taken out from water and sacrificed by spinal transection and urinary 
bladders were removed. The bladders that would be used for Na+-K+ ATPase enzyme 
activity assays were kept frozen in liquid nitrogen immediately, others were put into 
1 ml Tri-reagent (Molecular Research Center, USA). All samples were then stored at 
-70°C. 
3.2.1.3 Protein extraction and quantification 
Urinary bladders were homogenized using an Ultra-Turrax T25 rotor stator 
homogenizer (IKA Labortechnik, Germany) in ice-cold SEI: SEID (4:1) buffer. The 
contents of SEI were 150mM sucrose (Sigma, USA), lOmM EDTA (Sigma, USA), 
50 mM imidazole (Sigma, USA). SEID was prepared by adding 0.5g sodium 
deoxycholate (Sigma, USA) in 100ml of SEI. All homogenates were used for 
enzyme activities assay and protein quantification immediately and stored at -70°C 
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after used. 
Total protein was determined using the Bradford protein assay (1976). House-made 
Bradford dye stock solution (0.5 mg/ml Coomassie Blue G, 25% methanol and 
42.5% H3PO4) was diluted 5-fold with distilled water as assay reagent. 0.04ml 
bovine serum album standard or sample solution was mixed with 2 ml assay reagent. 
Total protein concentration was determined by comparing absorbance at wavelength 
595nm in a spectrophometer (Biophotometer, Eppendorf). 
3.2.1.4 ]Va+-K+ ATPase ATPase activity 
Na+-K+ ATPase activity was measured according to McCormick (1993). ATPase 
oxidizes reduced NADH to NAD+ by utilizing ATP. By measuring the rate of 
disappearance of NADH in the assay solution, ATPase activity can be determined. 
Assay solution contains 4 u/ml lactate dehydrogenase (LDH), 5 u/ml pyruate kinase 
(PK), 2.8 mM phosphoenolpyruate (PEP), 3.5 mM ATP, 0.22 mM NADH, 50 mM 
imidazole (all chemicals were purchased from Sigma, USA). In order to determine 
specific Na+-K+ ATPase activity, 0.5 mM ouabain was added to the assay solution. 
Ouabain is inhibitor of Na+-K+ ATPase that blocks the active site of Na+-K+ ATPase 
(Robinson and Flashner, 1979). Working solution was prepared by mixing the assay 
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solution and salt solution (189 mM sodium chloride, 10.5 magnesium chloride, 42 
mM potassium chloride and 50 mM imidazole) in 3:1 ratio. Both assay solution and 
solution were adjusted to pH 7.5. Specific Na+-K+ ATPase activity was determined 
by the differences in total enzyme activities with or without ouabain. 
In our assays, 20 pi urinary bladder homogenate was added to 0.5 ml working 
solution in cuvette that had 1 cm path length and incubated at 25 °C for 30 seconds. 
Absorbance at 340 nm was measured for 3 minutes at 1 minute intervals to determine 
rate of disappearance of NADH. The activities were calculated by: 
C = AE X 0.161 X volume of solution in cuvette, 
While AE is the difference in absorbance per minute and 0.161 is coefficient factor 
for using 1 cm path length cuvette. The activities were expressed as jimole per 
minute per gram of protein in tissue. 
3.2.1.5 RNA extraction and first strand cDNA synthesis 
Urinary bladders were homogenized using an Ultra-Turrax T25 rotor stator 
homogenizer in Tri reagent. Total RNA extraction from the homogenate was carried 
out according to the product protocol. 200 \i\ chloroform was added to the 
homogenate and vortexed vigorously and allowed to stand at room temperature for 5 
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minutes. The mixture was centrifuged at 13500 rpm at 4 °C for 15 minutes. The 
upper aqueous phase was transferred to a new tube. Equal volume of isopropanol ( � 
400 |il) was added to the aqueous phase and the tubes were left at room temperature 
for 15 minutes to precipitate RNA. The tube was centrifuged at 13500 rpm at 4 
for 15 minutes and the supernatant was discarded. The RNA pellet was washed using 
0.5 ml 75 % ethanol in 0.1% diethylpyrocarbonate (DEPC)-treated water followed by 
centrifuging at 4 for 15 minutes. RNA was resuspended by 20 p.1 DEPC-treated 
water. Concentration and purity of RNA were measured by spectrophotometer 
(Eppendorf Biophotometer plus, Germany), and quality was confirmed by running 
1.5% agarose gel with ethidium bromide. Extracted RNA was either used 
immediately or stored at -70°C. 
5000 ng RNA was used for first strand cDNA synthesis. RNA was mixed with 
DEPC-treated water to 10 final volume. 1 pi deoxyribonuclease I (Invitrogen, 
USA, 1 U/|j,l) and 1 |j,l lOX deoxyribonuclease buffer was added to the mixture and 
allowed to stand at room temperature for 15 minutes to digest and remove genomic 
DNA. 1 ml 25 mM EDTA was added and incubated at 65 for 10 minutes to stop 
DNase action, 0.5 |ig oligo dT (Promega, USA) was then added at 70 and 
followed by standing the mixture on ice for 5 minutes. Then 6 master mix 
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containing l|il M-MLV reverse transcriptase (Promega, USA, 200 U/|il)，1 pi 10 mM 
deoxynucleotide triphosphate (dNTP, Promega, USA), 4 [i\ 5X reverse transcriptase 
buffer (Promega, USA) was added and the mixture was allowed to stand at 42 for 
2 hours to synthesize cDNA. The reaction was stopped at 70°C for 15 minutes. The 
cDNA was stored at -20°C. 
3.2.1.6. Validation of semi-quantitative RT-PCR 
Before analyzing the expression of Na+-K+ ATPase and AQP-1, validation of 
RT-PCR was needed. Primers for Na+-K+ ATPase a and p subunit were designed 
based on their nucleotide sequence of silver sea bream cDNA (GenBank accession 
number: AY553205.1 and AY553206.1, respectively). AQP-1 primers sequence was 
kindly provided by Mr. James Luk from the Chinese University of Hong Kong. 
Primers for the housekeeping gene, P-actin were adopted according to Deane et al., 
2002. The list of primers is as follow: 




Na+-K+ ATPase (3 subunit 
(250 bp) 
5'-GTCCAGAGGGACCAGATGAA-3' Sense 
5，-CAGGGACGCTTTCGTTAGAG-3 ‘ Anti-sense 
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AQP-1 (600 bp) 5’ -CTTCTGGAGGGCCGTTCT-3 ‘ Sense 
5' -GGGAAGTCGTCGAATTTGG-3‘ Anti-sense 
P-actin (800 bp) 5'-TCACCAACTGGGATGACATG-3' Sense 
5 ’ - ATCC AC ATCTGCTGG A AGGT-3 ’ Anti-sense 
A total volume of 20 i^l PGR mixture containing 2 \i\ IX PGR buffer, 0.8 \i\ RT 
product, 0.2 mM of each primers, 2.5 mM magnesium chloride, 4U Taq polymerase 
and 0.2 mM dNTPs (Promega, USA) was used. For the optimum cycle number 
validation, PGR was performed for 5 minutes at 94°C and various cycles with the 
profile of 30 seconds at 94�C，30 seconds at 60 °C and 60 seconds at 72 followed 
by 10 minutes at 72 and 5 minutes at 4 The PGR products were separated 
using 1.5% agarose gel with ethidium bromide and the band intensities were 
quantified with Gel-Doc 1000 system (Bio-Rad, USA) and analyzed with Quantity 
One Molecular Analyst Software (Bio-Rad, USA). The optimum cycle number for 
carrying out the PGR was obtained by plotting an amplification profile, with the 
optimum cycle number being the mid cycle number of the exponential phase in the 
amplification profile. For the optimum annealing temperature, PGR was performed 
with optimum cycle numbers with a gradient of annealing temperatures. 
46 
3.2.1.7. Semi-quantification of expression of Na+-K+ ATPase and aquaporin-l in 
the urinary bladder 
After validation, PGR was performed by using 1 |j.l RT product under conditions as 
listed: 
Na+-K+ ATPase a subunit 60 oc 27 cycles 
Na+-K+ATPase Psubunit 60 °C 26 cycles 
AQP-1 60 23 cycles 
P-actin 60 23 cycles 
PCR products of target gene and P-actin were electrophoresed on the same well of 
1.5% agarose gel. Expression of target gene was expressed as a ratio of intensity 
between target gene and p-actin. 
3.2.1.8 Statistical analysis 
All data were expressed as means 士S.E.M. For multiple group comparisons, one way 
analysis of variance (ANOVA) were carried out followed by Tukey's test with 
p<0.05 to delineate significance. 
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3.2.2. Results 
3.2.2.1. Na+-K+ ATPase activity 
In enzyme activity assays, there are no significant differences in the urinary bladders 
of fish among different groups of salinity. Although there are no significant 
differences, activity appeared to be the highest in the iso-osmotic (12 ppt) point and 
decreased in other conditions. The activities were the lowest in the extreme salinity 
conditions, 0 ppt and 50 ppt (Fig. 3.1). 
3.2.2.2. Relative expression of Na+-K+ ATPase and aquaporin-1 in urinary 
bladder 
The relative expression of a subunit of Na+-K+ ATPase in the urinary bladder was 
significantly upregulated and being the highest level in the iso-osmotic point (12 ppt). 
It was about 1.5-2 fold significantly higher than those in the other salinities. 
Compared with the extreme hyper-osmotic condition (70 ppt), it was about 4-fold 
higher (Fig. 3.2.) Moreover, the expression levels of Na+-K+ ATPase a subunit 
dropped abruptly from 12 ppt to 6 ppt and 33 ppt and gradually decreased towards 
two extreme salinities; expression levels were the lowest at 0 ppt and 70 ppt. There is 
no significant difference between the expression levels of the 12 ppt and 33 ppt 
groups. In general, the relative expressions of this subunit in hypo-osmotic 
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conditions (0 ppt, 6 ppt, 12 ppt) were higher than that in hyper-osmotic condition, 
except at 33 ppt. Although the differences are not significant, we can see the trend of 
this phenomenon. 
The relative expression of |3 subunit of Na+-K+ ATPase was highest at 0 ppt and 12 
ppt and being lowest at 33 ppt and 70 ppt. In general, the p subunit was upregulated 
under brackish and freshwater conditions and downregulated under seawater and 
hypersaline conditions. Although the differences of expression level were small, 
there are statistically differences. Based on these responses, we can divide the 
responses to salinities into two groups: 0 — 12 ppt and 33 - 70 ppt. 
For the AQP-1 relative expressions in the urinary bladders, the relative expressions 
were significantly increased from 0 ppt to 70 ppt. The differences between two 
extremes were about 10-fold. We could clearly define the relative expressions in the 
hyposaline conditions were lower than that in the hypersaline conditions. There are 
dramatically increments of expressions from 12 ppt to 33 ppt and the increment was 
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3.2.3.1 Chronic effect of salinity on Na+-K+ ATPase in urinary bladder 
Previous research suggested that Na+-K+ ATPase activities and expressions were the 
highest at extreme salinity condition (70 ppt) and lowest at an iso-osmotic condition 
of 12 ppt, resulting in a typical "U" shape curve (Kelly et al.’ 1999, Wong et al., 
2006). It is thought that the uprgulation of Na+-K+ ATPase activities at salinity 
extremes may help euryhaline fish to adapt to different salinity environments. Under 
extreme salinity conditions, external environment simulates fish to turn on their 
osmoregulatory system by increasing ability to retain or eliminate ions and water 
(Greenwell et al., 2003). Thus this strategy is favorable for the fish to conserve 
energy during normal life in seawater since the Na+-K+ ATPase can remain at a 
relatively low activity level. On the other hand, it also favors the fish to survive 
during the extreme condition. The ability to turn on and off the system reflects that 
euryhaline fish are more advanced and capable to survive so that energy reserves can 
be used for other functions, such as growth (Chervinski, 1974, Chervinski, 1975, 
Dando and Demir, 1985, Langdon, 1987). 
However, in our present study of Na+-K+ ATPase activities, although there were no 
significant differences among different salinities, we were surprised by the activities 
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of the enzyme in the urinary bladder was the highest at iso-osmotic point. It was 
totally different from the previous research in gill and kidney (Deane and Woo, 
2004). 
Other than functional level, we also studied the transcriptional level of Na+-K+ 
ATPase. For the a subunit, the trend was similar to that of the enzyme activities. The 
mRNA expression was the highest in the 12 ppt condition and gradually decreased 
towards the two salinity extremes. Unlike the enzyme activities however, the 
decrement was significant. This probably suggests that the urinary bladder is 
actively involved in osmoregulation at the iso-osmotic point but not in extreme 
salinity conditions. At the iso-osmotic point, it appears that the urinary bladder plays 
an important role in regulating ion excretion and reabsorption. This could be 
reflected by upregulation of Na+-K+ ATPase transcription level at 12 ppt. While 
other osmoregulatory organs did not appear to actively take part in the 
osmoregulatory processes at the iso-osmotic point, the urinary bladder could act as a 
compensatory organ to maintain the osmotic balance inside the fish body. The 
response of the a subunit in the urinary bladader was the reverse of those in the gills 
and kidney (Deane and Woo, 2004). Research on sea bass, Dicentrarchus labrax 
also showed that both Na+-K+ ATPase activities and a subunit mRNA expression 
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were raised double and 5 times respectively after 10 days adaptation to freshwater 
and hypersaline water (Jensen et al., 1998). It may suggest that the urinary bladder 
behaved differently from other osmoregulatory organs. Other osmoregulatory organs 
such as gill and kidney, actively take part in ion regulation at extreme salinity 
conditions to balance the water and ion levels. Transcriptional and functional level 
of Na+-K+ ATPase exhibited a typical "U" shape in which relatively high levels are 
found at extreme salinity conditions and the lowest being observed at iso-osmotic 
point (Kelly, et al” 1999, Deane and Woo, 2004, Wong et al.’ 2006). However, 
Na+-K+ ATPase expression profile in the urinary bladder showed a reverse behavior 
in that expression level being active at iso-osmotic condition and relatively inert in 
ion regulation at extreme osmotic condition. Functional Na+-K+ ATPase requires 
strong cooperation between both a and (3 subunits. Excess a subunit would undergo 
proteolytic cleavage if it could not complexed with p subunit (Deane et al.’ 1999). 
Although we found mRNA expression level of a subunit was increased during 
iso-osmotic condition, p subunit did not increase accordingly. Therefore, we could 
not see any significant change in the Na+-K+ ATPase activities. 
Although there is not much research on the functional and expression level of 
Na-K-ATPase in the urinary bladder of fish, studies on membrane transport and 
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urine content of the urinary bladder could give us some suggestions regarding its 
function. Ion levels dropped significantly from the "ureteral" to "bladder" urine in 
oyster toadfish, Opsanus tau (Lahlou et al., 1969, Forster and Danforth, 1973). In 
the studies on European flounder, urine was found to stay in the urinary bladder for 
several hours after it has drained out from ureters, followed by significant decrease 
in sodium and chloride contents (Lahlou, 1967). These findings suggested that the 
teleostean urinary bladder serves as an additional device of the osmoregulation 
system, and it completes the regulation of ion and water transport performed by the 
kidney. In studies on the short circuit across urinary bladder of the starry flounder, 
short circuit current across urinary bladder was increased and the reabsorption rates 
of sodium and potassium ion were increased in fish during freshwater transfer 
(Demarest, 1984, Utida et al,’ 1974). Research also showed that ions, other than 
sodium, were also actively transferred (Renfro, 1975). These researches definitely 
added evidence to support that the urinary bladder was involved in fish 
osmoregulation. In relation to the living environment and the mode of life of 
different fishes, osmoregulatory function could be selectively turned on or off 
(Jensen et al., 1998). 
The p subunit of Na+-K+ ATPase is a supporting unit of the enzyme. It stabilizes and 
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maintains the proper membrane orientation of the enzyme (Noguchi, et al., 1990). In 
our study, mRNA expression level of the (3 subunit in fish adapted to brackish or 
fresh water was generally higher than that in seawater and hypersaline water. Low 
salinity conditions caused the upregulation of P subunit mRNA level. P subunit is a 
rate-limiting factor for the formation of enzyme and a subunit is the catalytic part of 
the enzyme (Fambrough et al., 1994). In our experiments, although Na+-K+ ATPase 
activities did not significantly increase, it still had some correlation that in low 
salinity the activities were generally higher than that in high salinity conditions. It 
appears that upregulation of the catalytic a subunit alone is not enough to result in 
higher enzyme activities as the regulatory (3 subunit is not upregulated. As we 
discussed before, the urinary bladder is considered to be an "extension" of the 
kidney, however, the result of our finding was totally different from research 
findings on the kidney. Researches on kidney Na+-K+ ATPase expression and 
activities showed that both expression and enzyme activities levels were upregulated 
during seawater and hypersaline adaptation. The expressions were 2.5 times and 2 
times higher at seawater and hypersaline (50 ppt) conitions and the enzyme activities 
were more than 3 times higher (Deane and Woo, 2004). Other researches on black 
sea bream (Kelly et al., 1999，) and gilthead sea bream (Sangiao-alvarello et al’ 2003) 
also showed similar results. Kidney is major osmoregulatory organ and it plays an 
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important role of water reabsorption for concentrating urine and ion exchange 
(Evans, 1993, Dantzler, 1989). After these processes, urine was drained into the 
bladder to complete the osmoregulatory process. When the kidney was actively 
involved in osmoregulation, urine that drained into the urinary bladder was nearly 
ready to drain out, so the expression and enzyme activity level of Na+-K+ ATPase 
level in urinary bladder would be downregulated, and vice versa. 
3.2.3.2. Chronic effect of salinity on AQP-1 expression in urinary bladder 
In the present study, AQP-1 in urinary bladder was highly expressed in fish adapted 
to sea water and hypersaline water, suggesting that the urinary bladder actively 
participates in water reabsorption process in sea water and hypersaline water 
(Giffard-Mena et al., 2007). In sea water, fish is constantly facing the osmotic stress 
that leads to loss of water to the external environment, so they need to drink water 
constantly and to reabsorb water from their digestive tract and kidney (Greenwell, 
2003). Previous research has shown that AQP-1 was highly expressed in kidney and 
digestive tract, but not in gill. In the study of sea bass, the mRNA expression level of 
AQP-1 in kidney in seawater acclimated fish was 2-4 fold higher than that in 
freshwater acclimated fish (Giffard-Mena et al, 2007). In the studies on juvenile sea 
bass, AQP-1 mRNA expression level of fish successfully adapted to seawater was 
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6.5 fold higher than that of the fresh water adapted fish. However, mRNA level in 
gill had no significant difference between both groups (Giffard-Mena et al, 2007). 
The results of this study was similar to our study in that AQP-1 level was about 4 
fold higher in seawater condition than freshwater one. 
High expression level of AQP-1 was related to high rate of water reabsorption 
(Nebel et al., 2005). In hyper-osmotic conditions, fish lose water through gills, so 
they exhibit drinking behavior and need to reabsorb water across the digestive tract 
and urinary tubules (Giffard-Mena et al., 2006). High level of AQP-1 would 
facilitate this process as aquaporin is a protein channel for water transport (Verkman 
and Mitra, 2000). Scant and concentrated urine was produced after passing through 
kidney and urinary bladder (Evans, 1993). 
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3.3. Effect of abrupt transfer on the expression of Na+-K+ ATPase and 
aquaporin-1 in the urinary bladder 
3.3.1. Materials and Methods 
3.3.1.1 Fish 
Silver sea bream, weighing 100-200g, were purchased from local fish farm. They 
were maintained in a recirculating sea water system in Simon F.S. Li Marine Science 
Laboratory, The Chinese University of Hong Kong for at least three weeks to allow 
stabilizing conditions. Fish were fed ad libitum daily with a formulated diet 
according to Woo and Kelly (1995). Feeding was terminated 24 hours before 
sacrificed. After stabilization, fish were divided into 13 groups randomly and put 
into 13 separate lOOOL sea water tanks with individual filtration system. Six groups 
of 33 ppt adapted fish were abruptly transferred to 6 ppt by flushing fresh water via 
an inlet pipe to reduce disturbance. This process was completed within 20 minutes. 
During the process, salinity of the water was monitored and when the salinity 
reached 6 ppt, timing commenced. Fish were sacrificed at 1,3, 6, 12, 24, 120 hours 
after time commenced. Pre-transfer fish were used as time=0 group. For control 
group (seawater to seawater transfer), the tanks were flushed with seawater instead 
of flushing freshwater, and fish were sampled at the same time intervals after 
flushing. 
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In the other part of experiment involving a reverse salinity transfer (6 ppt to 
seawater transfer), another 13 groups of fish were adapted to 6 ppt water for at least 
28 days. Fish adapted to 6 ppt were abruptly transferred to 33 ppt by using the same 
procedure as described previously. Fish were sacrificed at 1, 3, 6，12, 24, 120 hours 
after time commenced. For control group (6 ppt to 6 ppt transfer), 6 ppt water was 
used for flushing instead of flushing sea water. Pre-transfer fish adapted to 6 ppt 
water were used as time=0 group. 
3.3.1.2 Tissue sampling 
Fish were taken out from water and sacrificed by spinal transection and urinary 
bladders were removed. All samples were put into 1 ml Tri-reagent (Molecular 
Research Center, USA). All samples were then stored at -70°C. 
3.3.1.3 RNA extraction, first strand cDNA synthesis and RT-PCR 
RNA extraction, first strand cDNA synthesis, semi-quantitative RT-PCR procedure 
were exactly the same as previously described in the Materials and Methods section 
in Chapter 3.2.1. 
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3.3.1.4 Statistical analysis 
All data were expressed as means 士S.E.M. For multiple group comparisons, one 
way analysis of variance (ANOVA) were carried out followed by Tukey's test with 
p<0.05 to delineate significance. For two groups comparison, unpaired Student's 
^-test was used with/kO.05 to delineate significance. 
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3.3.2 Results 
3.3.2.1. Effect of abrupt hypo-osmotic transfer on the expression of Na+-K+ 
ATPase and aquaporin-1 in the urinary bladder 
The mRNA expression level of Na+-K+ ATPase a subunit in the urinary bladder was 
decreased after transfer from 33 ppt to 6 ppt water. The decrement was significant at 
3 hours after transfer. However, expression was raised at 6 hours and 12 hours and 
exhibited no significant differences with pre-transfer group. Na+-K+ ATPase a 
subunit expression level dropped significantly again 1 day after transfer (Fig. 3.5). 
No significant differences were found among all the control 33ppt-33ppt transfer 
groups at all time points. Although there are no significant differences between 
treatment and control groups, mRNA expression level was lower in the abrupt 
transfer group. 
For the p subunit, mRNA expression level had no significant changes after the 
abrupt transfer within both treatment and control groups. However, we could see 
some trends in the expression level. mRNA level dropped immediately after 
transferring from 33 ppt to 6 ppt and gradually increased after 6 hours. 24 hours later, 
mRNA was decreased. When comparing the abrupt transfer group and the control 
group, mRNA expression level of abrupt transfer group was lower, but the 
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differences were not significant (Fig. 3.6) at all time points. 
AQP-1 mRNA expression level dropped significantly after 3 hours of transferring to 
6 ppt. The expression level was maintained at low level and dropped to the lowest at 
120 hours. However, mRNA level of the control 33-33 ppt group was also 
significantly dropped after mock transfer. But expression level trended to go back to 
the original pre-transfer level after 24 hours. When comparing the abrupt transfer 
and the control groups, significant differences were found at 1 hour and 120 hours 
after transfer (Fig. 3.7). 
3.3.2.2. Effect of abrupt hyper-osmotic transfer on the expression of Na+-K+ 
ATPase and aquaporin-l in the urinary bladder 
In hyper-osmotic transfer experiment, Na+-K+ ATPase a subunit mRNA expression 
level had no significant change after hyper-osmotic transfer. However, we could see 
a decreasing trend of mRNA expression after abrupt transfer. There were significant 
differences between abrupt transfer and control transfer groups at 6 and 24 hours 
after transfer. mRNA expression levels were significantly lower in the abrupt 
transfer groups (Fig. 3.8). 
The mRNA expression level of p subunit had a prominent decrease at 1 hour after 
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transfer and the decrement of level was significantly different from the pre-transfer 
group. The p subunit level was maintained at a significantly low level throughout the 
whole experimental period. There were no significant changes in the control (6 ppt 
to 6 ppt) group. Significant differences were founded between the treatment and 
control groups at time=6, 12, 24, 120. The p subunit expression levels of the 
treatment group were significantly lower than the control groups since 6 hours after 
transfer (Fig. 3.9). 
The expression level of AQP-1 had a different trend to that of Na+-K+ ATPase a and 
(3 subunit. The expression level was generally lower in the treatment group except at 
time=120 hours. Within the abrupt transfer groups, a significant increase was shown 
at time=120. There were no significant differences within the control transfer groups. 
At time=6 hours, significant differences were noted between the treatment and 
control groups. The abrupt transfer group was significantly lower than the control 








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































In the abrupt transfer experiments, hypo- (33ppt to 6 ppt) and hyper- (6 ppt to 33 ppt) 
osmotic transfers were carried out to investigate the rapid response of mRNA level 
in the urinary bladder to sudden salinity change. Within a transfer, the levels of 
mRNA expression at every time point were compared to see if there were significant 
differences. Moreover, we also compared the mRNA expression of the treatment 
groups and control groups at each time point to check if the differences were caused 
by salinity change or other factors. 
The mRNA levels of Na+-K+ ATPase a and p subunit were decreased after abrupt 
hypo-osmotic transfer. Although there were no significant differences between the 
treatment group and control group, the drop was significant in a subunit when 
compared with the pre-transfer group after 3 hours of transfer. Previous researches 
showed that both mRNA expression and enzyme activities of branchial Na+-K+ 
ATPase level were raised in marine euryhaline fish during abrupt hypo-osmotic 
shock (Wong, et al. 2006, Weng et al, 2002，Mancera and McCormick, 2000). The 
upregulation was within 1 to 3 hours after transfer. Research on marine milkfish 
suggested that there was a biphasic strategy of fish towards acute hypo-osmotic 
stress. Within 3 hours after transfer, the enzyme activities were increased 
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significantly and reached peak values at 6 hours and 12 hours, followed by 
upregulated protein level. The mRNA expression was raised at 24 hours after 
transfer when the fish has entered the regulatory phase (Lin, et al., 2006). Other 
researches on European eel (Cutler et al., 1995), salmonids (D'Cotta et al. 2000) and 
tilapia (Feng et al., 2002) also demonstrated similar phenomenon. However, in a 
different research on sea water acclimated tilapia, a reverse behavior was shown. 
The enzyme activities were decreased since 3 hours after transfer and the protein 
and mRNA level were decreased at 6 hours after transfer (Lin et al, 2003). This data 
suggest that different fish species had different physiological adaptation toward the 
hypo-osmotic shock. 
In hyper-osmotic transfer, mRNA level of Na+-K+ ATPase a subunit had no 
significant difference from the pre-treatment group, but the expression level was 
generally lower than pre treatment group. The expression level of treatment groups 
was significantly lower than the control group at 3 and 24 hours after transfer. For 
the p subunit, a significant decrease of expression level was shown since 1 hour after 
transfer. Although protein level and enzyme activities level were not investigated, the 
expression level of Na+-K+ ATPase p subunit was decreased during abrupt 
hyper-osmotic shock. The result was different from other research on the branchial 
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Na+-K+ ATPase. Research on killifish showed that there was no change in Na+-K+ 
ATPase activities during the hyper-osmotic transfer (Marshall, et aL, 1999). Similar 
results were shown regarding mRNA and protein expression level in tilapia (Wang, et 
al., 2009). However, in the researches on pyloric caeca and branchial Na+-K+ ATPase 
of brown trout, enzyme activities were elevated after 3 days of transfer (Seidelin, et 
al., 2000). European sea bass (Jensen et al, 1998) and Atlantic salmon (Singer et al., 
2002) also showed similar trend after 24 hours of transfer. 
A more comprehensive study on gilthead sea bream suggested that both hypo- (38 
ppt to 5 pp t ) and hyper- (38 ppt to 60 ppt) transfer caused the significant increment 
of Na+-K+ ATPase enzyme activities. Brachial Na+-K+ ATPase activities was 2.5 fold 
higher than the control group (Laiz-Carrion et al., 2005). Although there was not 
much work on the effect of abrupt osmotic shock on urinary bladder, we compared 
our result to that of the gill, urinary bladder and found different responses. In 
contrast to the findings for the gill, the mRNA level of Na+-K+ ATPase in the urinary 
bladder was not elevated, but decreased. Together with the previous results of 
chronic adaptation, we believed that the urinary bladder behaved in an opposite 
manner with the gill in terms of their response of Na+-K+ ATPase to acute salinity 
changes. 
75 
During abrupt osmotic transfer, mRNA level of AQP-1 showed different trend in 
hypo- and hyper-osmotic transfer. In the hypo-osmotic transfer, the expression level 
was maintained at the same level as pre-transfer condition in the first hour, and then 
decreased toward the lowest level at 120 hours after the transfer. In the 
hyper-osmotic transfer, the expression level was elevated towards the highest level 
at 120 hours after transfer. As discussed in the previous part, urinary bladder would 
take part in water reabsorption (Giffard-Mena et al.’ 2007). We clearly show that 
AQP-1 mRNA expression level was increased during chronic acclimation to 
hypersaline water. In response to abrupt osmotic transfer the AQP-1 mRNA 
expression level exhibited similar behavior. When transferring the fish into a 
hypo-osmotic condition, fish need to excrete extra fluid that the body has gained 
from the surroundings (Greenwell et al, 2002). The expression level of AQP-1 was 
downregulated. The results suggested that the urinary bladder has reduced the 
reabsorption rate of water uptake from urine. In contrast, the increasing trend of 
AQP-1 mRNA expression during hyper-osmotic transfer suggested that the urinary 
bladder increases its water reabsorption ability after transfer. In both conditions, we 
observed that there was a delayed response in urinary bladder AQP-1 mRNA 
expression level. AQP-1 is an osmotically induced water transporter (Verkman and 
Mitra, 2000), the delayed response of AQP-1 may be related to the time required for 
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a certain level of osmolality to be built up across membrane before a response 
be elicited. 
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3.4. Effect of in vitro salinity on the expression of Na+-K+ ATPase and 
aquaporin-1 in the urinary bladder 
3.4.1. Materials and Methods 
3.4.1.1 Fish 
Silver sea bream, weighing 100-200g, were purchased from local fish farm. They 
were maintained in a recirculating sea water system in Simon F.S. Li Marine Science 
Laboratory, The Chinese University of Hong Kong for at least three weeks to allow 
stabilizing conditions. Fish were fed ad libitum daily with a formulated diet 
according to Woo and Kelly (1995). Feeding was terminated 24 hours before 
sacrificed. 
3.4.1.2 Tissue sampling 
Fish were taken out from water and sacrificed by spinal transection and urinary 
bladders were removed and placed in the sterile PBS on ice. The following 
procedures were carried out under antiseptic conditions in a laminar flow hood. The 
urinary bladders were cut open and washed with sterile PBS for three times to 
remove any contaminations. After washing, urinary bladders were placed into 
normal Leibowitz-15 culture medium (Invitrogen, USA) without foetal bovine 
serum (FBS) to allow stabilization for 15 minutes. After that, urinary bladders were 
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incubated into normal L-15, hyper-osmotic L-15 and hypo-osmotic L-15 separately 
for 2 hours. After incubation, urinary bladders were collected and stored in 1 ml 
Tri-reagent (Molecular Research Center, USA). All samples were then stored at 
-70�C. 
3.4.1.3 Preparation of culture medium 
Hypo- and hyper-osmotic L-15 were prepared by adding double distilled water and 
sodium chloride respectively to the normal L-15 medium. For the hypo-osmotic L-15, 
extra 20% of double distilled water was added to the normal medium to make a 20% 
hypo-osmotic condition. For the hyper-osmotic L-15, extra 20% of original sodium 
chloride content in the normal medium was added to make a 20 % hyper-osmotic 
condition. Osmolarity of the medium was measured by using a vapor pressure 
osmometer (Vapro 5520 , Wescor, USA). 
3.4.1.4. RNA extraction, first strand cDNA synthesis and RT-PCR 
RNA extraction, first strand cDNA synthesis, semi-quantitative RT-PCR procedure 
were exactly the same as previous described in the Materials and Methods section in 
Chapter 3.2.1. 
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3.4.1.5. Statistical analysis 
All data were expressed as means 士S.E.M For multiple groups comparisons, one 
way analysis of variance (ANOVA) were carried out followed by Tukey's test with 
p<0.05 to delineate significance. 
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3.4.2 Results 
In the in vitro study, change in osmolarity of culture medium did not alter mRNA 
expression levels of Na+-IC+ ATPase a, (3 subunit and AQP-1 of urinary bladders. 
Although there are no significant differences, the mRNA expression levels of 
Na+-K+ ATPase a subunit were downregulated. In the hyper-osmotic condition, the 
expression level was decreased by 25%, while in the hypo-osmotic condition, the 
expression level was decreased about 30% when compared to that of normal L-15 
condition. Expression level of P subunit showed reverse behavior of a subunit, the 
expression levels were raised in both hyper- and hypo-osmotic conditions. The 
increase in hyper-osmotic condition was higher than hypo-osmotic condition. For 
the expression of AQP-1 in the urinary bladder, the expression levels were increased 
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There is a general scarcity of research employing in vitro organ culture to directly 
study the effect of osmolarity on fish organs; most research in this area has been 
mainly focused on the effect of toxicants and hormones. The technique we used in 
the present study was modified from Deane and Woo, 2005b. Validation was made 
before routine culture of urinary bladder to check the maintenance of quality of 
urinary bladder. 
In the present study, the mRNA expression levels of the target genes in bladders 
exposed to varying salinities were not significantly different from the control group. 
There are two possible reasons for this lack of response, firstly a 20% increase or 
decrease in osmolarity in the culture medium may not be sufficient to cause the 
urinary bladder to respond. However, in a study involving exposing sea bream 
pituitary cells to reduced osmolarity of the incubation medium, a 20% reduction in 
medium osmolarity was enough to cause the pituitary cells to respond by secreting 
prolactin (Kwong et ai, 2009). The other possible reason was urinary bladder did not 
respond significantly to the external osmotic stress. Research work on incubating gill 
culture in vitro has shown that a gradual dilution in culture medium increased the 
membrane permeability to ions (Zhou et al., 2004). Together with the action of 
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different hormones, Na+-K+ ATPase transcription and translation levels were 
significantly increased (Deane and Woo, 2005b). For further in vitro investigation, 
the effects of different hormones were studied in later parts of our research to further 
confirm the role of urinary bladder in osmoregulation. 
3.5 Conclusion 
In the in vivo study, mRNA expression level of Na+-K+ ATPase and AQP-1 were 
affected by salinity during long term and short term adaptation. During long term 
adaptation to different salinities, expression level of a subunit of Na+-K+ ATPase was 
downregulated upon both hyper- and hypo-osmotic adaptation and the expression 
was suppressed by extreme hypersaline condition (70 ppt). Expression of P subunit 
was decreased on adaptation to hyper-osmotic conditions. However, the changes in 
transcription level did not contribute to any significant changes at the functional level, 
i.e. the enzyme activities were not significantly different during long term adaptation 
to different salinities. AQP-1 was highly expressed in the hypersaline adaptation, 
suggesting that this protein was actively involved in hyper-osmotic adaptation. In 
short term adaptation, both Na+-K+ ATPase and AQP-1 were downregulated 
following hypo-osmotic transfer. During hyper-osmotic transfer, Na+-IC+ ATPase also 
showed similar trends. However, AQP-1 was upregulated and the result was parallel 
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to that of long term adaptation. 
In the in vitro study, urinary bladder did not respond to changes in osmolarity of the 
incubation medium. The expression levels of both Na+-K+ ATPase and AQP-1 
transcripts were not significantly different from the control group. Further in vitro 
investigation on the urinary bladder was needed. 
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Chapter 4 
Effect of hormones on the expression of ]Va+-K+ ATPase and aquaporin-1 in the 
urinary bladder of silver sea bream Spams sarba 
4.1. Introduction 
Hormones play an important role in the osmoregulation of fish (McCormick, 2001). 
Previous researchers showed that prolactin, Cortisol and growth hormone were 
actively involved in osmoregulation. Research on prolactin suggested that prolactin 
promoted ion uptake and inhibited ion secretion under hypo-osmotic conditions 
(Hirano, 1986). Na+-K+ ATPase activity and expression level were also altered to 
facilitate this process (Manzon, 2002). Research on fish gill in tilapia showed that 
Na+-K+ ATPase activity was decreased following intraperitoneal injection of 
prolactin (Sakamoto et al.，1997). While in the kidney and urinary bladder, Na+-K+ 
ATPase activity was increased to facilitate sodium transport in order to increase the 
permeability of water though membrane (Pickford et al, 1970, Clarke and Bern, 
1980). Prolactin also acts to decrease the number of aquaporin channels in the 
osmoregulatory epithelium to decrease water permeability (Takei et al., 2006). In 
general, prolactin is regarded as the teleostean "freshwater adapting" hormone (Utida 
et al., 1972). In addition to growth, growth hormone also plays an important part in 
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regulation of teleostean osmoregulation. In vitro study of effect of growth hormone 
towards gill showed that Na+-K+ ATPase activity, and translational and 
transcriptional levels were increased when growth hormone was added to the culture 
medium (Deane and Woo, 2005b). In vivo study also demonstrated that growth 
hormone increased gill Na+-K+ ATPase activity and mRNA expression in various 
euryhaline species, such as salmonids, tilapia and killifish (Madsen et al, 1995; 
Mancera and McCormick, 1998a, 1998b; Xu et al., 1997; Sakamoto et al, 1997). 
Cortisol has dual functions in osmoregulation. Numerous studies have shown that 
Cortisol significantly increases the Na+-K+ ATPase activity in gill and intestine 
(McCormick, 1995), and drinking rate (Fuentes and Eddy, 1997) in sea water. Some 
other research showed Cortisol facilitated ion uptake during freshwater adaptation 
(Chan et al., 1969). In a study on the effect of Cortisol on AQP-1 expression, Cortisol 
has been shown to either stimulate the expression of AQP-1 in intestine (Martinez, et 
al, 2005a) or decrease the expression in kidney of immature yellow eel (Martinez, et 
al., 2005b). Researches on the effect of hormones on the urinary bladder were 
generally limited to transmembrane conductance studies, and studies on mRNA 
expression level of osmoregulatory transporter proteins were scarce. 
To study the effect of hormones on the expression of NaK-ATPase and aquaporin-l 
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in the urinary bladder, we divided our experiments into in vivo and in vitro parts. In 
the in vivo study, fish were acclimated to seawater and brackish water (6ppt) for 28 
days. Prolactin, Cortisol and growth hormone were injected intraperitoneally for five 
consecutive days. Fish were then sacrificed and urinary bladders were taken out to 
study the mRNA expression of Na+-K+ ATPase and AQPl. 
For the in vitro experiments, urinary bladders were taken out from fishes and 
incubated in culture media with the same hormones that were used in the previous in 
vivo experiment. Different concentrations of hormone were added into the medium 
for investigating the dose effect of the hormone on the expression of Na+-K+ ATPase 
and AQPl. 
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4.2 In vivo effect of hormones on the expression of ATPase and 
aquaporin-1 in the urinary bladder of silver sea bream Sparus sarba 
4.2.1 Material and method 
4.2.1.1 Fish 
Silver sea bream, weighing 100-200g, were purchased from local fish farm. They 
were maintained in a recirculating sea water system in Simon F.S. Li Marine Science 
Laboratory, The Chinese University of Hong Kong for at least three weeks to allow 
stabilizing conditions. Fish were fed ad libitum daily with formulated diet according 
to Woo and Kelly (1995). Feeding was terminated 24 hours before sacrifice. After 
stabilization, fish were divided into 8 groups randomly and put into 8 separate lOOOL 
seawater tanks with individual filtration system. According to a previous study by 
Deane et al, 1999, four groups of seawater (33 ppt) adapted fishes received either 
saline (0.8% w/v NaCl) vehicle, ovine prolactin (oPRL) (Sigma, USA; 6\ig/g), 
recombinant sea bream growth hormone (rbGH) (Gropep Pty. Ltd., Australia; l|ig/g) 
and Cortisol (Solu-Cortef, Upjohn, Belgium; 4|ig/g) injections for 5 consecutive days 
intraperitoneally. The last injection was carried out 24 hours before sacrifice. 
The other 4 groups of fishes were adapted to 6 ppt water for at least 28 days. All fish 
in these four groups received the same hormonal injection treatments as described 
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previously. 
4.2.1.2 Tissue sampling 
Fish were taken out from water and sacrificed by spinal transection and urinary 
bladders were removed. All samples were put into 1 ml Tri-reagent (Molecular 
Research Center, USA). All samples were then stored at -70°C. 
4.2.1.3 RNA extraction, first strand cDNA synthesis and RT-PCR 
RNA extraction, first strand cDNA synthesis, semi-quantitative RT-PCR procedure 
were exactly the same as those previously described in the Materials and Methods 
section (3.2.1) in Chapter 3. 
4.2.1.4 Statistical analysis 
All data were expressed as means 士S.E.M For multiple group comparisons, one way 
analysis of variance (ANOVA) were carried out followed by Tukey's test with 
p<0.05 to delineate significance. 
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4.2.2 Results 
4.2.2.1 Hormonal effect on mRNA expression of Na+-K+ ATPase and AQP-1 in 
urinary bladder of sea water adapted fish 
In the study of mRNA expression of Na+-K+ ATPase a subunit, there were no 
significant differences between each treatment groups. (Fig. 4.1). Na+-K+ ATPase p 
subunit showed similar response to a subunit. All Growth hormone, Cortisol and 
prolactin treatments did not alter the expression level of the subunit; the level stayed 
nearly the same as the saline control group. (Fig. 4.2). Hormones tended to induce 




































































































































































































































































































































































































































































































































































































































































4.2.2.2 Hormonal effect on mRNA expression of Na+-K+ ATPase and AQP-1 in 
urinary bladder of brackish water adapted fish 
In the brackish water condition, Na+-K+ ATPase a subunit was downregulated by the 
hormones injected (Fig. 4.4). However, all the decrements were not significant when 
compared with the saline control. Na+-K+ ATPase p subunit was downregulated by 
prolactin and growth hormone, but Cortisol showed a different effect on p subunit 
expression by increasing the expression level of p subunit (Fig. 4.5). When 
comparing the treatment groups and the control group, there was no significant 
difference between them. But, the expression level was significantly higher in the 
Cortisol group when compared with those of the prolactin and growth hormone 
treated groups. For the AQP-1 expression, hormones showed no effects on the 
























































































































































































































































































































































































































































































































































































































































































































































4.2.3.1 Effect of prolactin on mRNA expression of Na+-K+ ATPase and AQP-1 in 
urinary bladder 
Prolactin is a "fresh-water" adapting hormone in fish. It plays an important part for 
the fish to acclimate and survive in the freshwater (Utida et al, 1972; Deane et al., 
1999; Kwong et cd., 2009). Many researches showed that prolactin can regulate the 
Na+-K+ ATPase in gill. Researches in sea acclimated thicklip grey mullet (Gallis et al, 
1979) and killifish (Pickford et al, 1970) showed the branchial Na+-K+ ATPase 
activity was decreased. Research on silver sea bream also showed that injection of 
prolactin could decrease branchial Na+-K+ ATPase in both hypo-osmotic and sea 
water conditions (Deane et al, 1999). However, in our present study, there was only 
slight increase in the Na+-K+ ATPase a subunit and no change in the P subunit. In 
another study on sea acclimated silver sea bream, prolactin significantly decreased 
the branchial Na+-K+ ATPase activity by nearly 50% and the p subunit was also 
decreased, although the decrease was not significant in the p subunit (Deane et al, 
1999). These results were quite different from those obtained in the present study in 
which fish maintained under hypo-osmotic conditions, expression of a and p subunit 
was only slightly decreased. Similar results were also shown in the gill Na+-K+ 
ATPase of silver sea bream in hypo-osmotic condition (Deane et al,, 1999). It 
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appears that prolactin had different effects on different organs and different types of 
fish. In general, prolactin could increase the plasma ion concentrations, mainly the 
sodium and chloride ions, by increasing the activities and expressions of the ion 
transporters and channels. It could decrease permeability of osmoregulatory organs 
to prevent water loss though these organs (Manzon, 2002). 
In vivo researches showed that injection of prolactin could maintain plasma 
osmolarity of hypophysectomized Mosambique tilapia in freshwater condition 
(Young et al, 1988) and it decreased water permeability in Nile tilapia upon 
adaptation to hyper-osmotic condition (Auperin et al, 1994). Prolactin effect was 
species specific. Researches showed that prolactin could only alter the urinary 
bladder water permeability of euryhaline fish that were marine origin. And the 
urinary bladders of freshwater euryhaline or stenohaline fish were generally 
impermeable (Hirano et al” 1973). In urinary bladder, prolactin could decrease the 
bladder permeability to water and increase sodium transport through increasing 
Na+-K+ ATPase levels and cause expansion of the epithelial intercellular spaces 
(Bentley, 1987). Although our present study did not show a significant increase in 
Na+-K+ ATPase, we observed that the urinary bladder trended to increase the 
expression of Na+-K+ ATPase a subunit. For AQP-1, prolactin decreased the number 
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of aquaporin channels in the epithelium in order to decrease the water permeability 
(Takei et al., 2006), but in our study, prolactin did not show this effect on the 
expression of AQP-1 in urainry bladder. As discussed in the previous chapter, the 
urinary bladder is an extension of the kidney and it acts as an additional device for 
the kidney to handle water and electrolyte transport (Lahlou, 1967). Prolactin showed 
similar effects on fish kidneys. Researches in killifish suggested that prolactin 
injection can increase the renal Na+-K+ ATPase activity in hypophysectomized 
killifish and the activities were decreased during sea water acclimation (Epstein et al, 
1969). Glomerular filtration rate was also increased by the prolactin action to 
produce copious amount of diluted urine in order to remove water that gained entry 
through the gill so that the effect of prolactin was mainly on water balance but not 
ion balance (Ogawa et al, 1997). This could explain why prolactin had no effect on 
renal and urinary bladder Na+-K+ ATPase activity. In view of this, the expression 
level of AQP-1 should be decreased to reduce the permeability of water, however, 
our present research could not demonstrate such a relationship. 
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4.2.3.2 Effect of growth hormone on mRNA expression of Na+-K+ ATPase and 
AQP-1 in urinary bladder 
Not limited to growth, growth hormone is one of the major osmoregulatory 
hormones in fish. It is a "sea-water" adapting hormone in fish (Deane and Woo, 
2009). Early researches showed that growth hormone could increase both size and 
salinity adaptation in Atlantic salmon (Komourdjian et al. 1976). However, we do 
not know whether salinity adaptation was related to body size or the growth hormone 
effect. Later researches suggested that growth hormone could increase salinity 
adaptation of rainbow trout two days after the injection of the hormone (Bolton et al., 
1987). We could clearly define growth hormone was actively involved in the 
osmoregulation. In studies on the effect of growth hormone in gill, growth hormone 
could increase the number of chloride cells in Atlantic salmon and increase the 
branchial Na+-K+ ATPase activity in tilapia (Prunet et al, 1994, Sakamoto et al., 
1997). In our present study, we could not find any significant effect by injecting 
growth hormone. In sea water condition, mRNA expression of Na+-K+ ATPase a 
subunit was slightly increased. In contrast, Na+-K+ ATPase p subunit expression was 
decreased by 20% following the hormonal treatment. In addition, mRNA expression 
of AQP-1 was increased 70% after hormone treatment. In brackish water, growth 
hormone downregulated the mRNA expression of both Na+-K+ ATPase a and P 
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subunits, as well as AQP-1. Although the effect was not significant, we could try to 
compare them to the previous findings on the growth hormone effects on other 
osmoregulatory organs. In the study of hypophysectomized Mosambique tilapia, 
injecting growth hormone could significantly decrease the plasma osmolality when 
compared to the saline control. Branchial Na+-K+ ATPase activity was also induced 
by the higher dose (0.5mg/ml hormone/0.8% saline, Ipl/g diluted hormone/body 
weight) of growth hormone (Sakamoto et ai, 1997). This study suggested that 
growth hormone had significant effect on osmoregulation by regulating the plasma 
osmolality through induction of Na+-K+ ATPase activities. In kidney, research on 
silver sea bream showed that growth hormone was significantly reduced the renal 
Na+-K+ ATPase activity no matter in hyper- (33 ppt) or hypo- (6ppt) osmotic 
conditions (Kelly et ai, 1999). This research suggested that the reduction might be 
the result of increased chloride cell number and exposure of gill so that the overall 
role of kidney in osmoregulation was decreased following growth hormone treatment 
(Kelly et ai, 1999). However, the activity of Na+-K+ ATPase was not altered in the 
kidney of brown trout (Madsen et ai, 1995), it might suggest that different species 
had different response to growth hormone treatment. Although researches on growth 
hormone effect on AQP-1 were limited, we could correlate the drinking process, 
growth hormone effect and sea acclimation effect together to give us some indication. 
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Researches showed that plasma levels of growth hormone increased during sea water 
acclimation (Sakamoto et al., 1993). It suggested that endogenous growth hormone 
affected osmoregulatory organs during sea water adaptation. In the other research on 
drinking rate of fish, growth hormone could increase the drinking rate of Atlantic 
salmon after adapting to sea water (Fuentes and Eddy, 1997). This action suggested 
that growth hormone might have effects on water reabsorption process in intestine, 
kidney and urinary bladder. In addition, expression of AQP-1 in intestine of eel was 
increased during sea water acclimation (Akoi et al, 2003). We could see that the 
growth hormone might directly or indirectly increase the expression level of AQP-1 
during sea water condition. In our study, expression of AQP-1 in urinary bladder was 
slightly increased by the growth hormone injection in sea water condition. However, 
the effect was not significant. 
4.2.3.3 Effect of Cortisol on mRNA expression of Na+-K+ ATPase and AQP-1 in 
urinary bladder 
Cortisol was regarded as "seawater-adapting" hormone for years (Utida et al 1972). 
Research showed that Cortisol could induce the branchial and intestine Na+-K+ 
ATPase activity and the drinking rate of the fish. These two actions could facilitate 
ion excretion, as well as water reabsorption in the sea water condition (McCormick, 
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2001, Fuentes and Eddy, 1997). Not limited to sea water adaptation, Cortisol could 
also induce freshwater adaptation. Branchial Na+-K+ ATPase mRNA level (both a 
and P subunit) in silver sea bream was elevated after Cortisol injection at 
hypo-osmotic condition (Kelly et al,, 1999). Similar result was shown in the brown 
trout. Cortisol treatment increased the expression of a subunit and the enzyme 
activity (Madsen et al., 1995). 
It appears therefore that Cortisol has "dual effect" in osmoregulation. In our present 
study, Cortisol did not show a significant effect on the mRNA expression level of 
Na+-IC+ ATPase. Expression levels of both subunits were only slight increased in the 
sea water condition after Cortisol treatment. While in the hypo-osmotic condition, 
the expression level of a subunit was decreased and the (3 subunit was increased. 
Although the increment was not significant when compared to the saline control, we 
could see that it is significantly higher than that of prolactin and growth hormone 
treatments. As we discussed earlier, Cortisol could induce the mRNA expression of 
Na+-K+ ATPase a subunit in both hypo- and hyper- osmotic condition. In addition, it 
could also increase the expression of p subunit in hypo-osmotic condition (Kelly et 
al” 1999). It reflected that Cortisol helped ion excretion and absorption through gill 
during adapting to different salinities. Researches on intact and interrenalectomized 
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European eels suggested that injecting a physiological dose of Cortisol can increase 
the uptake of sodium ion (Mayer et al., 1967). For plasma osmolarity, Cortisol could 
increase the plasma osmolartiy of hypophysectomized fresh water acclimated eels 
and hypophysectomized goldfish could also restore its plasma omolarity after 
Cortisol treatment (Chan et al., 1968, Lahlou and Giordan, 1970). Beside plasma 
osmolarity, Cortisol also induced morphology changes in the chloride cells. By 
injecting Cortisol, number of chloride cells would increase. It favored either ion 
uptake and ion secretion. By adding together with prolactin, number of P type 
chloride cells would be increased to facilitating ion uptake and the a type chloride 
cells will be decreased. In contrast, by adding together with growth hormone, 
number of ion secretory a type chloride cells will be increased. (McCormick, 2001, 
Manzon, 2002). This phenomenon also reflected Cortisol had synergic effect with 
other osmoregulatory hormone (McCormick and Bradshaw, 2006). For the AQP-1, 
our study could not show a significant effect of Cortisol on the expression of AQP-1. 
But we could see that Cortisol had different effect on the AQP-1 expression in 
urinary bladder. In the sea water condition, Cortisol slightly increased the expression 
level of AQP-1, however, in hypo-osmotic condition, Cortisol slightly decreased the 
expression of AQP-1. Researches on European eels showed that injecting Cortisol 
had different effects on different organs. In intestine, Cortisol induced the mRNA and 
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protein expression of AQP-1 in sexually immature yellow eel (Martinez et al., 2005). 
In esophagus, Cortisol induced AQP-1 mRNA expression in sexually mature silver 
eel (Martinez et al., 2005). The induction may response to increase the number of 
AQP-1 in order to facilitate the water reabsorption in the gut. The induction effect of 
AQP-1 by Cortisol in intestine was similar to the sea water acclimation effect (Aoki 
et al, 2003). However, Cortisol decreased the mRNA expression in yellow eel 
(Martinez et al, 2005). 
4.3 In vitro effect of hormone on the expression of Na+-K+ ATPase and 
aquaporin-1 in the urinary bladder of silver sea bream Spams sarba 
4.3.1 Materials and methods 
4.3.1.1 Fish 
Silver sea bream, weighing 100-200g, were purchased from local fish farm. They 
were maintained in a recirculating sea water system in Simon F.S. Li Marine Science 
Laboratory, The Chinese University of Hong Kong for at least three weeks to allow 
stabilizing conditions. Fish were fed ad libitum daily with a formulated diet 
according to Woo and Kelly (1995). Feeding was terminated 24 hours before 
sacrifice. 
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4.3.1.2 Tissue sampling 
Fish were taken out from water and sacrificed by spinal transection and urinary 
bladders were removed and placed in the sterile PBS on ice. The following 
procedures were carried out under antiseptic technique in a laminar flow hood. The 
urinary bladders were cut open and washed with sterile PBS for three times to 
remove any contaminations. After washing, urinary bladders were placed into 
normal Leibowitz-15 culture medium (Invitrogen, USA) without foetal bovine 
serum (FBS) to allow stabilization for 15 minutes. After that, urinary bladders were 
incubated into normal L-15, L-15 with ovine prolactin (oPRL) (Sigma, USA), L-15 
with recombinant sea bream growth hormone (rbGH) (Gropep Pty. Ltd., Australia) 
and Cortisol (Solu-Cortef, Upjohn, Belgium) separately for 2 hours. After incubation, 
urinary bladders were collected and store in 1 ml Tri-reagent (Molecular Research 
Center, USA). All samples were then stored at -70°C. 
4.3.1.3 Preparation of culture medium 
For prolactin and growth hormone treatments, 1，10, 100 ng of ovine prolactin or 
recombinant sea bream growth hormone were added to each ml of the Leibowiz-15 
culture medium separately. For the Cortisol treatment, 10，100, 1000 ng Cortisol was 
added to each ml of the Leibowitz-15 culture medium. Before tissue incubation, all 
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medium was filtered with 0,2 |xm filter to ensure sterility before use. 
4.3.1.4. RNA extraction, first strand cDNA synthesis and RT-PCR 
RNA extraction, first strand cDNA synthesis, semi-quantitative RT-PCR procedure 
were exactly the same as those previously described in the Materials and Methods 
section in Chapter 3.2.1. 
4.3.1.5. Statistical analysis 
All data were expressed as means 士S.E.M. For multiple groups comparisons, one 
way analysis of variance (ANOVA) were carried out followed by Tukey's test with 
/?<0.05 to delineate significance. 
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4.3.2 Results 
4.3.2.1 Effect of prolactin on the expression of Na+-K+ ATPase and aquaporin-1 
in the urinary bladder 
Expression of Na+-K+ ATPase a subunit mRNA was significantly increased by 1 
ng/ml prolactin treatment. The increment of expression was about 70% of the 
untreated group. The 10 ng/ml prolactin treatment only produced a slight increase in 
a subunit expression, however, the increment was not significantly different from 
the untreated group. Interestingly, the highest dose, lOOng/ml, did not cause any 
increase in the mRNA expression level of a subunit (Fig 4.7). For the p subunit, 
1 ng/ml and 10 ng/ml prolactin treatment slightly upregulated the mRNA expression, 
the increment was not significantly different from the untreated group. The effect of 
1 ng/ml and lOng/ml was the same. They brought the expression level to the same 
level. The highest dose, lOOng/ml significantly increased mRNA expression level of 
p subunit, the increment was about 40% of the untreated group. But there are no 
significant differences between the three treatment groups (Fig.4.8). In vitro 
prolactin treatment did not cause any significant change in the expression level of 
AQP-1 at any dosage. But we could see a decreasing trend of expression level when 
using higher dose. There was 30% decrement with lOOng/ml prolactin treatment 
(Fig.4.9). 
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4.3.2.2 Effect of growth hormone on the expression of Na+-K+ ATPase and 
aquaporin-1 in the urinary bladder 
Growth hormone did not significant change the mRNA expression level of Na+-K+ 
ATPase a subunit. A a dose of Ing/ml growth hormone, the expression level was 
similar to the untreated group. lOng/ml growth hormone treatment slightly increased 
the expression level. The highest dose caused the highest increment of expression 
level. It was about a 60% increase over that of the untreated group. However, the 
increment was not significant (Fig.4.10). For p subunit, growth hormone did not 
change the expression level significantly. The expression levels of treatment groups 
were similar to that of untreated group. Only lOng/ml growth hormone caused 
slightly increment of expression level (Fig.4.11). Growth hormone did not 
significantly change the mRNA expression level of AQP-1. The hormone had 
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hormone caused a slight decrease in expression level, but 1 Ong/ml growth hormone 
caused slight increase of the expression level. The highest dosage, 1 OOng/ml had no 
effect on the AQP-1 expression level (Fig. 4.12). 
4.3.2.3 Effect of Cortisol on the expression of Na+-K+ ATPase and aquaporin-1 in 
the urinary bladder 
Cortisol did not significantly change the mRNA expression level of Na+-K+ ATPase a 
subunit (Fig. 4.13). For the (3 subunit, incubation of the urinary bladder with Cortisol 
increased the mRNA expression level. 1 OOng/ml Cortisol treatment significantly 
increased the expression level in urinary bladder. The increment was about 50% of 
the untreated group. There are no significant differences between the untreated group 
and the 1 Ong/ml and 1 OOng/ml Cortisol treatment groups. Within the three treatment 
groups, there were no significant differences among them (Fig.4.14). Cortisol 
significantly decreased the mRNA expression level of AQP-1. The highest dosage 
caused the largest decrement of expression level. A Cortisol dose of 1 Ong/ml slightly 
decreased the expression level by 20%. And the decrement was not significant. 
1 OOng/ml Cortisol significantly decreased the expression level by 50%. The highest 
dosage, 1 OOOng/ml, also significantly decreased the expression level. And the 
decrement was about 55% (Fig. 4.15). 
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4.3.3. Discussion 
4.3.3.1 Effect of prolactin on the expression of Na+-K+ ATPase and aquaporin-1 
in the urinary bladder 
As discuss previously, prolactin is a sea-adapting hormone (Utida et al, 1972). It 
decreased the water permeability and increased the sodium ions transport ability of 
osmoregulatory organ (Bentley, 1987). Branchial Na+-K+ ATPase activity was 
decreased by the prolactin treatment to reduce ion loss to the external environment. 
In contrast, renal, intestine and urinary bladder Na+-K+ ATPase activities were 
increased to facilitate ion reabsorption (Manzon, 2002). However, there are only a 
few studies on the in vitro effect of prolactin on Na+-K+ ATPase and AQP-1. In our 
present study, Na+-K+ ATPase a subunit mRNA expression was increased following 
incubation with Ing/ml prolactin. The expression showed a dose specific response. 
Higher dosage did not further increase the mRNA expression, but brought the 
expression back to control level. For the p subunit, higher dosage could give a higher 
expression of the (3 subunit. The increment of Na+-K+ ATPase expression level 
suggested that prolactin can enhance the ion reabsorption process from the urine in 
urinary bladder. Similar result was demonstrated by using in vitro gill pavement and 
mitochondria-rich cell epithelia culture from rainbow trout (Kelly and Wood, 2002a). 
By using double seeded insert method, Na+-K+ ATPase activity was increased 
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following 50ng/ml prolactin treatment. But expression did not change when using the 
single seeded insert for the gill pavement cell only. It may contribute to the increase 
in the number of mitochondria-rich cell and hence, Na+-K+ ATPase activity was 
increased (Kultz and Jurss, 1993, Kelly and Wood, 2002a). In vitro research on 
branchial Na+-K+ ATPase of silver sea bream did not show any significant change in 
Na+-K+ ATPase a and P subunit at the transcriptional, translational and functional 
levels (Deane and Woo, 2005b). These restuls are in contrast to the in vivo study that 
prolactin could decrease the mRNA expression level of a subunit (Deane et al., 1999) 
and Na+-K+ ATPase activity (Kelly et al, 1998). For the AQP-1, although our present 
study did not show a significant reduction of mRNA expression level, we could see a 
decreasing trend when the prolactin concentration was increased in the treatment. 
Prolactin was the fresh water adapting hormone. It could decrease the water 
permeability by decreasing the number of aquaporin channels (Takei et al, 2006). 
4.3.3.2 Effect of growth hormone on the expression of Na+-K+ ATPase and 
aquaporin-1 in the urinary bladder 
Growth hormone was a "seawater adapting" hormone. It could increase the branchial 
Na+-K+ ATPase to facilitate the ion excretion through the gills (Prunet et al., 1994). 
In our present study, growth hormone did not alter the expression of both the 
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subunits of Na+-K+ ATPase significantly. For a subunit, although we could not see 
the significant change, there was an increasing trend when higher dosage of growth 
hormone was used. For (3 subunit, growth hormone did cause any significantly 
change in the expression level. Expression levels were nearly the same as that of the 
untreated group. Only lOng/ml growth hormone caused a slight increase in 
expression level. The increasing trend of the a subunit was comparable to that of 
branchial Na+-K+ ATPase a subunit expression level. Research on the branchial 
Na+-K+ ATPase a subunit in silver sea bream showed that there is an increasing trend 
with increasing dosage. The expression levels were significantly different from the 
untreated group upon treatment with lOng/ml or 100 ng/ml growth hormone (Deane 
and Woo, 2005b). This suggested that the gill was more sensitive to growth hormone 
than urinary bladder. Similar result in the same experiment showed that mRNA 
expression levels of P subunit were increased with growth hormone dosage. Not 
limited to the transcriptional level, expressions at both translational and functional 
levels were also increased by the same dosage of growth hormone (Deane and Woo, 
2005b). This result was also demonstrated by the in vivo research on Mosambique 
tilapia, higher injected dosage of growth hormone increased the Na+-K+ ATPase 
activity (Sakamoto et al., 1997). However, in other research on the silver sea bream, 
injecting growth hormone did not cause increment of the Na+-K+ ATPase mRNA 
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expression level of both a and p subunits (Deane, et al., 1999). The differences 
between the in vivo and in vitro studies might be attributed to growth hormone 
turnover and endocrine axis overlap (Deane and Woo, 2005b). As described in the 
previous chapter, expression of AQP-1 should be increased during sea water 
adaptation and growth hormone treatment. The increment could enhance the water 
reabsorption from the urine in the urinary bladder. However, our result could not 
demonstrate the increasing effect by growth hormone. Further investigation should 
be needed. 
4.3.3.3 Effect of Cortisol on the expression of Na+-K+ ATPase and aquaporin-1 in 
the urinary bladder 
Cortisol had "dual" effects on fish osmoregulation. It took part actively in both hypo-
and hyper-osmotic conditions (McCormick, 2001). As discussed previously, Cortisol 
could increase Na+-K+ ATPase activity in both conditions to facilitate either ion 
uptake or ion reabsorption. In our present study, Cortisol did not show any significant 
alteration on the mRNA expression level of Na+-K+ ATPase a subunit. But it 
increased the expression level of p subunit. Whereas 1 OOng/ml treatment increased 
the expression level to the highest response, further increasing the treatment level to 
1 OOng/ml brought the expression level down. The result was in contrast to similar 
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research on branchial Na+-K+ ATPase of silver sea bream. Branchial Na+-K+ ATPase 
a subunit was elevated and showed a dose-dependent response. Higher dosages of 
Cortisol (lOng/ml and 1 OOng/ml) caused the mRNA expression level of a subunit to 
increase significantly. However, the expression level of P subunit and the enzyme 
activity were not increased and maintained a similar level to that of the untreated 
group (Deane and Woo, 2005b). This might suggest that different organs showed 
different response to Cortisol treatment. In the other research on the branchial Na+-K+ 
ATPase activity of coho salmon, in vitro exposure of Cortisol increased the Na+-K+ 
ATPase activity after two days of exposure (McCormick and Bern, 1989). Similar 
result was shown in the intestine Na+-K+ ATPase activity of sockeye salmon. Na+-K+ 
ATPase activities in pyloric ceca and posterior intestine were increased after in vitro 
Cortisol treatment (Veillette and young, 2005). Cortisol also showed a synergic effect 
with other hormones. By adding together with prolactin, Cortisol could decrease the 
osmotic permeability of urinary bladder of long-jawed mudsucker in the organ 
culture level (Doneen and Bern, 1974). In vitro exposure to the growth hormone also 
increased the interrenal tissue to release Cortisol in coho salmon (Young, 1988). It 
reflected that Cortisol had a strong relationship with prolactin and growth hormone in 
osmoregulation. However, we have not studied the effect of mixed hormone 
treatment. As discuss previously, Cortisol could increase the expression level of 
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AQP-1 in intestine and esophagus in European eel (Martinez et al., 2005). It could 
increase the water reabsorption ability of the digestive tract to reabsorb much water 
from the drinking water. However, in our present study, mRNA expression level was 
significantly decreased by the Cortisol treatment (100 and 1000 ng/ml). The 
decrement showed a dose dependent behavior. Higher dosage of Cortisol caused a 
great decrement on the mRNA expression level. The result was similar to the Cortisol 
effect on the renal AQP-1 expression of European eel. Cortisol treatment was 
significantly lower the AQP-1 expression (Martinez, et al 2005). Although reports 
on mammalian AQPs showed that Cortisol could upregulate the AQP expression, we 
did not find the same responses from these two fish species. Further investigation on 
the hormone effects on the AQP-1 and the regulatory processes were needed. 
4.4. Conclusion 
In vivo hormone study showed that hormones did not have significant effects on the 
mRNA expression level on Na+-IC+ ATPase a and p subunits, also AQP-1. The 
influence of hormones on the mRNA expression of ATPase and AQP-1 were 
only slight, and the observed changes were statistically insignificant differences. 
Further investigations on how hormones act to affect the function of the urinary 
bladder in vivo are needed. 
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In the present in vitro studies, Na+-K+ ATPase a subunit showed a dose-specific 
response to prolactin treatment. Incubation of urinary bladders with 1 ng/ml prolactin 
could upregulate mRNA expression level of Na+-K+ ATPase a subunit to the highest 
level. In vitro treatment with 10 ng/ml prolactin also increased the mRNA expression 
level significantly. However, highest dosage brought the level back to untreated level. 
For the P subunit, prolactin increased the mRNA expression level by increasing the 
dosage. 100 ng/ml prolactin could significantly increase the mRNA expression level. 
However, prolactin did not cause any significant change on the expression level of 
AQP-1. Growth hormone did not cause any significant change on both Na+-K+ 
ATPase and AQP-1 mRNA expression level. For the Cortisol, mRNA expression level 
of Na+-K+ ATPase a subunit did not alter by the Cortisol treatment, p subunit showed 
a dose specific response. 100 ng/ml Cortisol treatment caused a significant induction 
on the mRNA expression level. Further increase the concentration did not increase, 
but brought the level back to untreated group. For AQP-1, expression level showed a 
dose dependent response to the Cortisol treatment. The level decreased with the 
increment of Cortisol in the treatment. 100 ng/ml and 1000 ng/ml Cortisol treatment 




In the present study, mRNA expression level of Na+-K+ ATPase and AQP-1 in 
the urinary bladder of silver sea bream was affected by both salinity and hormonal 
treatments. In vivo study of salinity effect showed that mRNA expression level of 
Na+-K+ ATPase and AQP-1 were affected during long term and short term adaptation 
to different salinities. Although enzymatic activity was not significantly changed 
during long term adaptation to different salinities, expression level of a subunit of 
Na+-K+ ATPase in the urinary bladder was decreased in both hyper- and 
hypo-osmotic conditions, with expression level being the lowest in the extreme 
hypersaline condition (70 ppt). The pattern of expression level in Na+-K+ ATPase a 
subunit was in contrast to that exhibited in gill and kidney, in which a typical "U" 
shape curve with higher expression level at the extreme hyper- and hypo-osmotic 
conditions was evident (Deane and Woo, 2004). The effect of salinity on expression 
of Na+-K+ ATPase (3 subunit was also different from that of gill and kidney in that 
expression of the p subunit was decreased during hyper-osmotic conditions. These 
data suggest that Na+-K+ ATPase in urinary bladder behaves differently from other 
osmoregulatory organs in response to salinity changes and may share different role in 
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osmoregulation. Unlike Na+-K+ ATPase, AQP-1 expression in the urinary bladder 
was upregulated during long term hypersaline adaptation. The result suggested 
AQP-1 was actively involved in hyper-osmotic adaptation in fish and a high AQP-1 
expression rate could be related to high water reabsorption rate in the urinary bladder 
(Nebel et al., 2005), in which water passed through the urinary bladder through this 
protein. 
During short term osmotic shock, Na+-K+ ATPase expression in the urinary 
bladder was downregulated during both hypo- and hyper-osmotic transfer, 
compromising the results obtained with the long term adaptation. Salinity changes 
did not elevate but suppress the expression of Na+-K+ ATPase. For AQP-1, 
hypo-osmotic transfer downregulated the expression level of AQP-1 in the urinary 
bladder. However, in hyper-osmotic transfer, urinary bladder AQP-1 was upregulated 
after 24 hours. It further suggested AQP-1 in urinary bladder played an important 
role in osmoregulation in hyper-osmotic adaptation. 
In incubation studies of urinary bladders in vitro, changes in osmolarity of the 
incubation medium did not alter the expression of Na+-K+ ATPase subunit and 
AQP-1 transcriptional levels. Unlike the gills, which are exposed to the external 
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environment, the urinary bladder is located inside the body of fish. Change in 
osmolarity of the incubation medium may not directly affect the urinary bladder in 
primary organ culture. Further in vitro investigations are needed, such as extracting 
epithelial cells from the urinary bladder and developing a urinary bladder epithelia 
cell primary culture to investigate the effect of medium osmolarity towards the cells. 
In the second part of our study, fish was treated with ovine prolactin, 
recombinant gilthead sea bream growth hormone or Cortisol in vivo and in vitro. In 
vivo study showed that exogenous hormone treatment did not alter the mRNA 
expression level of Na+-K+ ATPase and AQP-1 of the sea bream urinary bladder. 
Although dosage and treatment was the same as Deane et al., 1999, urinary bladder 
did not show any response to the exogenous hormone significantly. Further studies 
on hormonal dosage and how hormones signal osmoregulatory pathways in the 
urinary bladder are needed. 
In in vitro studies, mRNA expression of Na+-K+ ATPase a subunit was 
upregulated by prolactin treatment. Incubation of urinary bladder with 1 ng/ml 
prolactin could stimulate the mRNA expression of Na+-K+ ATPase a subunit to high 
level and 10 ng/ml prolactin treatment could increase the mRNA expression level 
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significantly. However, further increasing the dosage of prolactin did not further 
increase the mRNA expression level. For (3 subunit, prolactin could increase the 
mRNA expression by increasing dosage and prolactin at a dose of 100 ng/ml 
increased the expression level significantly. Prolactin did not alter the expression 
level of AQP-1 in the urinary bladder. Together with the result of salinity treatments, 
all these results suggested that AQP-1 in urinary bladder was not actively involved in 
osmoregulation in hypo-osmotic condition. Both Na+-K+ ATPAse and AQP-1 did not 
respond to and mRNA expression level did not change after growth hormone 
treatment. In addition, mRNA expression level of Na+-K+ ATPase a subunit was not 
altered by Cortisol treatment, but 100 ng/ml Cortisol could increase the mRNA 
expression of Na+-K+ ATPase p subunit. Expression level of AQP-1 showed a dose 
dependent reduction response to Cortisol treatment culminating in statistical 
significance with 100 and 1000 ng/ml Cortisol. These results contradicted with those 
of the salinity treatments in that increase in mRNA expression was observed under 
hyper-osmotic condition. Further investigations on salinity and hormone interactions 
are needed. 
In conclusion, different from other major osmoregulatory organs, the urinary 
bladder has different roles in osmoregulation. Urinary bladder is not actively 
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involved in ion excretion and re-absorption. Hyper- or hypo-osmotic conditions do 
not increase but decrease the Na+-K+ ATPase transcriptional level and even enzyme 
activity. It reflects that the urinary bladder does not take part in ion regulation during 
extreme osmotic condition. However, in the iso-osmotic point (12 ppt), urinary 
bladder is relatively active than the extreme osmotic point. The role of urinary 
bladder in ion regulation at iso-osmotic point becomes more important and active. 
Although urinary bladder does not show an important role in ion regulation, it plays 
important role in water regulation. In hypersaline condition, AQP-1 expression is 
greatly up-regulated. Urinary bladder actively re-absorbs water from urine that has 
been produced from kidney to compensate for the water loss through other parts of 
body so as to maintain water balance inside the body. 
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